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1 • 1 
C H A P T E R 
INTRODUCTION 
In February 1983 Mr 0 P F Horwood (1983), South Africa's 
then Minister of Finance, made the following statement: 
"Wlth e66eet 6~om 1 Feb~ua~y 1983 exehange eont~ol 
ave~ non-~e~ldent~ wlll be aboll~hed. Thl~ lmplle~ 
the dl~appea~anee on the 'nlnanelal ~and' and o6 
the dual exchange ~ate ~y~tem a~ lt ha~ exl~ted ln 
one 6o~m o~ anothe~ ~lnee exchange eont~ol ave~ non-
~e~ldent~ wa~ il~~t lnt~odueed ln South A6~lea ln 
7967." 
Mr Horwood cited the main reason for the relaxation 
of exchange control as "the ~eeent qulte ~ema~kable lmp~ove­
ment ln South A6~lea'~ balauee on payment~ and dome~tle 
6lnanelal ~ltuatlon.'' This was evidenced by the sharp de-
cline in South Africa's balance of payments deficit towards 
the end of 1982 due to a further decline in imports and a 
recovery in the gold price, and a substantial net inflow 
of private sector foreign capital in the form mainly of 
trade credits and loans~ This led to an appreciation of 
the rand by almost 10 percent in terms of a weighted basket 
of currencies in the last half of 1982, and rapidly rising 
net foreign reserves (an increase of R3,6 billion (if 
valuation judgements are included) in the last half of 1982). 
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A further consequence has been a renewed acceleration of the 
annualised and seasonally adjusted rate of increase of the 
broad money supply, with the rate of increase for 1982 as 
17,4 per cent. Long- and short-term interest rates declined 
sharply, and the Johannesburg Stock Exchange enjoyed con-
siderable share price rises and turnover increases in the 
last half of 1982. 
Since this announcement there has been much speculation 
on what further steps, if any, would take plac~ in the 
process of relaxing exchange control. 
The Director-General of Finance, Dr Joop de Loor (1983) 
has been quoted as saying that exchange control in South 
Africa is to be abolished completely and permanently. How-
ever, he added that since the Government had no intention of 
reversing these relaxations once instituted, it is likely 
to proceed in steps, sure that each one works before getting 
to the ultimate objective of a totally unrestrictive flow of 
funds to and from the country. Thus the abolition will not 
occur immediately, but rather over the next few years. Dr 
de Loor spelt out two main preconditions for exchange control 
relaxation: 
(i) Net reserves will have to improve even more 
and more short-term foreign debt will have to 
be repaid before further relaxation takes place. 
(ii) The new system of a unified rand and freedom for 
non-residents to withdraw investment funds must 
have time to settle in, and be subjected to 
rigorous testing. 
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The second step i n the relaxation process took place 
on 5 September 1983 when the gold mines gained permission to 
be paid for their gold i n us dollars, and they w i 11 be able 
to hold or exchange these as they see fit. A view expressed 
by Mr Wim Holtes (1983), Executive Director of the South 
African Foreign Trade Organisation is that the next probable 
step will be to allow the large institutions such as the-
life assurers, pension funds and mining houses to invest a 
portion of their assets abroad. Initially only long-term 
investment will be permitted to prevent speculation against 
the rand. Thereafter companies will be able to make port-
folio investments outside of the country, and finally indi-
vidual investors will be permitted to move their money in 
and out of South Africa at will. 
Mr Holtes se~two main advantages to South Africa in 
relaxing the foreign money curbs. They are that fluctuations 
in exchange rates would be smoothed out, and that South 
Africa's reputation with the international business community 
would improve. 
Initially it is envisaged by leading financiers that 
there will be a maximum propottion of funds permitted out of 
the country. Mr Marinus Daling (1983), Senior General 
Manager of Sanlam, forsees that "a limi~ o6 5 pe~ Qen~ o6 
to~al a~~e~~ would be a heal~hy maximum." Financial analysts 
agree on this figure since institutions have to meet their 
liabilities in rands and thus it would be inadvisable to 
invest a significant percentage of their assets abroad. 
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If South Africans are allowed to invest their funds 
outside of this country an examination should be made of the 
alternatives available to them and the profit opportunities 
that arise from such investments. This thesis attempts to 
isolate the major markets for investment outside South Africa, 
and to determine what proportion of a South African investor's 
capital, if any, should be held in foreign securities under 
different possible restrictions laid down by the South African 
Reserve Bank. 
The main argument advanced in favour of foreign invest-
ment is risk reduction through diversification. This has 
been shown by Solnik (1974), who states that "move.me.n.t.6 
in. .6toQ~ pniQe..6 in. di66e.ne.n.t Qoun.tnie..6 ane. almo.6t un.ne.late.d 
·~··· whe.n. .6e.Qunitie..6 o6 one. Qoun.tny ane. doing won.6e. than. 
e.xpe.Qte.d, an.othe.n man~e.t i.6 li~e.ly to be. doing be.tte.n, he.n.Qe. 
o66.6e.ttin.g the. lo.6.6e..6. Simply by in.ve..6tin.g in. .6tOQ~.6 ofi 
dio&·e.ne.n.t QOun.tnie..6, the. ni.6~ i.6 dna.6tiQally ne.duQe.d." It 
should be noted that this study employs e.x po.6t analysis. 
That is, past data is employed to test a theory. Much has 
been written on the value of such studies, but it is hoped 
that by determining those strategies that would have been 
sensible in the past had certain conditions prevailed, 
some insights into rational future strategies will be gained. 
Thus the results of the study will indicate what position 
an investor should have taken had these proposed relaxations 
in the present exchange control regulations existed over the 
time period of the data. For this reason the blocked rand, 
securities rand or financial rand discounts which existed 
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from after the Sharpville incident in 1961 when there was 
an outflow of capital funds and a decline in the gold and 
foreign exchange reserves, until Mr Horwood•s announcement 
in February 1983, and which allowed foreign investors in 
South African securities to buy rands at a more favourable 
rate than that which was commercially avail·able, will not 
be con~id~~~d. This will be done despite the fact that they 
were in existence over the entire time period of the data. 
In Chapter 2 the main alternative markets for the South 
African investor•s funds are discussed from a general point 
of view. These include the major international stock 
exchanges and the world's commodity markets. The various 
securities chosen from these markets for the empirical 
studies are introduced. 
Chapter 3 discusses the data in more detail, and various 
forms of summarising the data are presented and analysed. 
A theoretical discussion of the main parameters involved in 
selecting securities to create portfolios, and the Markowitz 
model for portfolio selection is presented in Chapter 4. An 
initial attempt to choose portfolios for the South African, 
US and UK investor using the Markowitz model appears in 
Chapter 5. 
1.6 
A more detailed examination of the range of annual 
portfolios that were applicable to both the rational in-
vestor bound by the current exchange control regulations 
and his counterpart who is free to exploit the interna-
tional markets is presented in Chapter 6. Special attention 
is paid to the selection of an optimal portfolio. 
The two sets of portfolios of interest i.e. those that 
were applicable to an exchange control restricted investor 
and those that were applicable to an investor with no re-
strictions placed on his foreign investments, are compared 
in Chapter 7 to obtain a measure of the cost to the local 
investor of the current restrictions. This is extended in 
Chapter 8 to quantify the maximum proportion of an in-
vestor's funds that should be allowed to leave the country. 
Conclusions are drawn in Chapter 9. 
All computer-based work was performed on the Univer-
sity of Cape Town's SPERRY 1100 computer. 
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C H A P T E R 2 
ALTERNATIVE INVESTMENT MEDIA AND DATA 
2.1 Introduction 
"Inve..6toJt.6 c..ontinue. to c..ompe.te. in a.n e.66oJtt to 
a.JtJtive. a.t .6upe.JtioJt judge.me.nt.6. The. li~e.lihood o6 
be.ing c..on.6i.6te.ntly .6upe.JtioJt i.6 a.ppa.Jte.ntly quite. 
.6ma.ll, but the. Jte.wa.Jtd.6 6oft .6uc..c..e..6.6 c..a.n be. e.noJtmou.6. 
Cle.a.Jtly it i.6 a. ga.me. woJtth winning, although it ma.y 
not be.·a. ga.me. wonth pla.ying." 
This quote by Lorie and Hamilton (1973) is typical of 
the thoughts of many investment analysts~ who strive to 
obtain more information about particular securities and 
thereby gain an edge on the other investors in the sense 
that they are better able to value the securities in question. 
Since the earliest days of trading investors have devoted 
attention to research into the relative merits and demeri·ts 
of ind·ividual security ventures. 
Trading in stocks has occurred since the ~ixteenth 
century in the hope of making the investor wealthy~ The 
original in~estors were people who put up money to finance 
expeditions to the then unknown East -countries like 
India, Russia and the East Indies. The investor•s reward 
depended wholly on the success or failure of th~ expedition 
to reach its destination and return safely with exotic wares 
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such as silks, gold, spices and so on, since their payout 
was a share of the profits gained from the subsequent sale 
of such goods. The advantage to the merchants was of course 
the •sharing• of the risk. 
The development of industry resulted in an even greater 
interest of investors willing to share in the risk for the 
potentially great rewards. As a result s~ock market 
analysts appeared who attempted to evaluate the possible gains 
to be had from various securities and to advise investors. 
In the event of an abolition or relaxation of the 
current exchange control regulations a South African investor 
could consider an investment in stocks quoted on the numerous 
major stock exchanges of the world (including, of course, the 
Johannesburg Stock Exchange), an investment in bonds, the 
purchase of one or more commodities quoted on the large 
international commodity markets or an investment in some non-
security asset such as real estate, stamps or art. In the 
next four sections. these major spheres. of investment are 
outlined. 
2.2 The International Stock Exchanges 
The oldest stock exchange in the world is the Amsterdam 
Stock Exchange which was established in 1602. The London and 
New York Stock Exchanges have, however, attracted most 
attention, mainly due to th~ rapid ind~strial development 
of these two countries in the eighteenth and nineteenth 
centuries. As a result, most of the research into the 
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behaviour of such markets and the movement of individual 
stock prices has emanated from these two countries. 
Shares were traded in London as early as 1568, but it 
was not until 1773 that the London Stock Exchange was opened. 
Later a large number of provincial exchanges were established 
in the more important commercial centres. In March 1973 
the seven British and one Irish Stock Exchange (in Dublin) 
were amalgamated into one unified exchange with a single 
set of rules, and •floors• in each of the old centres. 
Security prices throughout the country tend to be the same 
on any particular day. The London •floor• is second only to 
the New York Exchange in its volume,of shares traded each year. 
In New York, shares were probably traded as early as 
1725, but it was only in 1792 that the first formal organisa-
tion of the New York Stock Exchange took place. This has 
now grown into by far the largest and most important market 
for common stocks in the world. Figures show that this 
exchange alone handles over two thirds of the market value 
of all shares in the United States. This amounted to some 
17.5 billion shares listed in 1927 listings of common and 
preferred stock in 1426 companies in 1971. 
Almost every industralised and most developing countries 
today have a stock exchange, and these exchanges play an 
important part in the economic life of these nations. 
Armstrong (1936) writes about stock exchanges ".:the. .6.:toc.k. 
e.xc.hange. a.6 an in.6.:ti.:tu.:tion ha.6 be.e.n e.volve.d by .:time. and 
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pe~6eeted by expe~~e»ee ....... It~~ the C~t~del o6 
C~p~t~l, the Temple on V~lue~. It~~ the ~xle O» wh~eh the 
whole 6~»~»e~~l ~t~uetu~e on the C~p~t~l~~t~e Sy~tem tu~»~. 
It ~~ the B~z~~~ o6 hum~» e66o~t ~nd e»de~vou~, the m~~t 
whe~e m~»'~ eou~~ge, ~»ge»u~ty ~»d l~bou~ ~~e m~~~eted." 
For the purpose of this study composite indices of 
both the New York Stock Exchange and the London Stock Ex-
change were employed. The Standard and Poor~ Composite Index 
of 500 shares on the New York Stock Exchange and the 
Financial Times UK Actuaries Index consisting of 594 shares 
on the London Stock Exchange are indices which reflect the 
behaviour of these two markets and both indices are market 
capitalisation type indices. Other exchanges were not con-
sidered for reasons of data availability and relative un-
importance. Furthermore almost every ~mpirical study in the 
literature has been performed on one or both of these two 
exchanges, and the South African investor would thus be most 
likely to direct his attentions to these markets with which 
he is somewhat familiar, rather than for other world markets 
for which he has no 'feeling'. 
2.3 The South African Share Market 
A stock exchange was established in South Africa in 
November 1884 by one Benjamin W~ollan, a year after gold 
was discovered on the Witwatersrand. This discovery caused 
many small businesses to spring up and a necessity for the 
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formation of the Johannesburg Stock Exchange (JSE). Today 
* investors can trade in any of the 412 stocks quoted on this 
exchange. 
An attempt to select sharis from the universe of all 
412 stocks quoted on the JSE would involve the collection 
of an enormous amount of data, not all of which was available, 
and an unjustifiably vast amount of computer time. However, 
the JSE Actuaries Indices have been constructed so that 
each of the 34 sector indices has a continuous price history 
from January 1965. Figure 2.1 shows the structure of the 
sectoral and composite indices with the percentage contri-
bution that each index made to its immediately superior 
composite index at the end of June 1980. It was decided to 
employ the first level composite indices as the universe of 
•securities• available. Thus the following JSE Actuaries 
Indices were used: JSE All Gold Index 
JSE Coal Index 
JSE Diamonds Index 
JSE Metals and Minerals Index 
JSE Mining financials Index 
JSE Financial Index 
JSE Industrial Index. 
Thus the JSE may be regarded as a 7 •security• market, where 
each 'security• is in fact a portfolio of similar shares 
aggregated into a composite inde~. The results in future 
chapters do not suffer from a loss of generality because of 
this approach. 
* As at 29 January 1982. 
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Figure 2.1 The structure of sectoral and composite indices 





Data on all the composite indices were available from 
the JSE Public Relations Department Publication (1978), 
and these indices reflect the behaviour of the total market. 
2.4 The Commodity Markets - Development and Characteristics 
The trading of commodities has accompanied the growth 
of civilisation since its earliest periods. Although the 
ancient Greeks and Romans traded in commodities, the develop-
ment of modern trading practices is best traced to medieval 
Europe. As early as the tenth century Venice had emerged 
as the major trading centre of Europe, dealing predominantly 
in luxury goods such as spices and cloths. Western Europe 
traded mostly in necessities, including furs, timber and 
honey. Trade between th~ two regions can be likened to 
today's situation between the more developed and l~ss 
developed nations. 
About the eleventh century the medieval 'fair' came 
into being, and this caused the number as well as the quan-
tity of commodities traded to increase rapidly. Early fairs 
were held in the districts of Champagne and Flanders and 
were organised to function on a regular basis in existing 
market towns. The fair of Champagne, for example, consisted 
of six fairs spread throughout the year, each lasting from 
one to two months, and rotated among the four market towns 
of Lagny, Bar, Provins and Troyes. 
These fairs became well established and certain trading 
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institutions and practices became standardised. Merchant 
associations were formed in which all merchants, foreign 
and domestic, co-operated with l~cal government authorities 
to establish the dates and places of the fairs. Similarly, 
a code of conduct was drawn up which ensured ethical trading 
and this was enforced by a •fair-court•. Written contracts 
of exchange, letters of credit, agreements on grading of 
merchandise etc were also covered in this code. Forward 
trading and postponed payments also appear to have been in 
existence. 
The range of commodities continued to expand. Goods 
reaching the fairs from southern Europe were the more exotic, 
ranging from spices to oranges, aprictos, cotton or silk. 
Goods travelling from northern Europe and Germany were more 
substantial, including timber, grain, wool, cloth, potash, 
silver and iron. The commodity which came to dominate the 
trade was wool cloth. This became so important that the 
centre of its production, Bruges, also became the major 
commodity trading centre of Western Europe. 
In the fifteenth century the local fairs declined in 
importance as industrialisation set in, and the major cities 
had urbaniz~d to such an extent that they could provide per-
manent trade in most commodities. Bruges was overtaken as 
the leader in the cloth trade by Antwerp, but during the 
Reformation the major trading activity shifted to Amsterdam. 
As cities began to grow in size and commercial im-
portance, commodity trading began to take place in special 
markets known as •bourses• in Europe and •exchanges• in 
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England. These were meeting places ~here buyers and sellers 
could trade commodities and merchandise throughout the year. 
The exchanges generated so much financial activity that the 
Royal Exchange was opened in London by Elizabeth I in 1570. 
Within a hundred years London had become the commercial and 
financial centre of the world. The Royal Exchange never, 
however, supported the buying or selling of any negotiable 
securities. Such an exchange only began later in London. 
As economic conditions improved and the volume of 
trading on the London exchanges increased, dealers began to 
specialise in the trade of individual commodities. Further-
more, forward transactions gained in importance and provided 
the market with the useful service of risk coverage. Risk 
had always been present, but th.is increased as markets 
became more distant. No protection was offered against the 
prices which a merchant might have to pay or charge for 
commodities purchased or sold. The forward contract fixed 
the price at the time of the deal which the buyer would 
have to pay even though delivery may only be months hence. 
As dealers specialised the commodity markets split up 
but still tended to concentrat~ near the London docks where 
ships would unload their cargoes. These individual ex-
changes, taken together, became known as the London Commodity 
Exchange. Later, however, several exchanges moved from this 
location, for example the Corn Exchange and the Metal 
Exchange. 
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In the United States large central markets sprang up 
during the nineteenth century in the larger cities like 
Chicago, New York, New Orleans and St Louis. New York grew 
quickly, being on the main shipping route between the cotton 
plantations of the South and the mills in the North. As the 
port of New York grew trade in other commodities grew as 
well and an international commodity exchange was established 
on Wall Street. Chicago in the Mid-West became the agricul-
tural centre, and the Chicago Board of Trade was established 
in 1848. The US commodity markets introduced the futures 
contract. Originally, a futures contract was simply a 
contract for the delivery of a specified quantity of a 
certain grade of commodity at an agreed price at a named 
future date, the price for immediate delivery being known 
as the 'spot' price. This in time led to the buying of 
'futures'. If the spot price increased in the time period 
between the buying of a future and receiving the commodity, 
the purchaser would be better off. If the spot price de-
creased the purchaser would lose. The result is a steadying 
of prices for the buyers, who are in effect insuring against 
price fluctuations which are more frequent and wider in 
extent for raw ~aterial than for manufactured goods (Labys 
and Granger 0970)). For a futures market to exist in a 
commodity, it should be homogeneous and capable of being 
grad~d. There should also be an uncertain and competitive 
supply-demand relationship for the commodity, and numerous 
producers and users of the commodity. Futures trading began 
in Chicago in 1865 and by 1930 all major commodity markets 
dealt in these contracts. Table 2.1 shows the major commo-
dity futures markets and the commodities they deal mainly in. 
Chicago Board of Trade 
Chicago Mercantile Exchange 
Citrus Assoc. of N.Y. Cotton Exch. 
Commodity Exchange Inc., N.Y. 
Kansas City Board of Trade 
London Cocoa Terminal Market Assoc. 
London Coffee Terminal Market 
London Commodity Exchange 
London Corn Trade Assn. 
London Metal Exchange 
London Sugar Terminal Market Ass'n. 
London Wool Terminal Market Ass'n. 
Minneapolis Crain Exchange 
N.Y. Cocoa Exchange 
N.Y. Coffee & Sugar Exchange 
N.Y. Cotton Exchange 
N.Y. Mercantile Exchange 
N.Y. Produce Exchange 
Paris Commodity Exchange 
Rubber Trade Ass'n. London 
Sydney Greasy Wool Futures Market 
Winnipeg Grain Exchange 
Wool Assoc. of the N.Y. Cotton Exchange 
u .:: 
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Source: How to Buy and Sell Commodities 
(New York: Merrill Lynch, Pierce, Fenner & 
Smith, january 1970), p.SS. 
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Commodity trading has increased substantially in recent 
years, and new commodities have been traded : gold was traded 
in its raw form for the first time in 1975. Figure 2.2 
shows the estimated dollar volume of trading in commodities 
in the USA compared to the trading volume of shares on the 

























Note: NYSE data are calendar year; commodity data are fiscal year. 
Sources: New York Stock Exchange -1974 Fact Book·(New York: NYSE, June 1974), 
p. 73; SEC Statistical Bulletin (Washington, D.C., U.S. Government Printing Office, February 
1975), p. 137; and Association of Commodity Exchange Firms. 
Figure 2.2 New York Stock Exchange and Commodity Trading 
Volumes, 1962-1974 
In commodity trading the size of the contract is 
standardised. For example, most grain contracts in the 
United States are denominated in 5000 bushel units, whereas 
live cattle are sold by the 40 000 pounds of cattle and 
pork belly (unsliced bacon) by the 36 000 pounds of pork 
bellies. Furthermore the grade of the commodity is standard-
ised. Due to certain seasonal characterisatics the delivery-
2.13 
may take place only at certain times of the year. For 
example, on the US markets wheat is delivered in July, 
September, December, March and May. July is the main harvest 
month for winter wheat, September for spring wheat; 
December is the last month of navigation on the Great Lakes, 
March is the first month of navigation; and May is the final 
month before the new crop harvest begins. Crops are seasonal 
and thus when the new crop is first marketed related prices 
will be lowest for the year; when the stocks of the crop are 
lowest just before harvest, prices will be highest. Certain 
commodities, like the metals, do not exhibit this seasonal 
tendency, and supply and demand depend mainly on government 
programs and policy. 
Apart from the seasonal tendency of commodities, 
Robichek, Cohn and Pringle (1972) point out that there are 
also very large year-to-year variations in return. They 
also calculated the correlation coefficient between various 
commodity futures and other investment media such as common 
stocks and bonds, and found that these correlations were on 
the whole low and their signs were almost equally divided 
between positive and negative values. They conclude that 
"the ab~enQe ofi ~ignifiiQant po~itive QO~~efation Ofl ~etu~n~ 
between QOmmodity fiutu~e~ and othe~ inve~tment media ~ugge~t~ 
that inve~tment in QOmmodity fiutu~e~ may p~ovide ~orne 
oppo~tunity fio~ po~t6olio dive~~i6iQation." 
The commodities quoted on the major commodity markets 
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of the world can be broadly divided into three groups: 
-metals 
- raw materials 
- foodstuffs 
Table 2.2 below shows the commodities chosen from each of 
the above three groups for empirical study in this thesis, 
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2.2 List of commodities chosen, and 
commonly-quoted units. 
$ = us Dollars; £ = British Pounds 
























oz = 31,10348 gm. 
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The commodity prices are the London quotations, except the 
cotton price which was quoted in US c/lb until mid-August 
1971, after which the quotations were in UK £/ton, and the 
gold price which is traditionally quoted in US $/troy oz. 
The cotton series was corrected so that all prices were in 
UK £/ton. 
2.5 Corporate and Government Bonds 
A bond or debenture is a form of fixed-interest debt 
issued by most governments and many corporations. The 
holder receives a fixed set of cash payoffs - an annual or 
semi-annual interest payment at the coupon rate, and the 
face value of the bond at maturity. The holder has no say 
in the running of the issuing corporation. The maturity 
of bonds may range between 3 months and 35 years. 
Many studies have been undertaken to determine the risk 
and returns associated with bonds. All these studies have 
shown that yields on bonds tend to be much less than those 
on stocks, but the associated risks are much less. Amling 
(1965) concludes his study by saying "-i..;.t i.6 a.ppa.Jte.n.t .tha..t .the. 
moJte. .6pe.Qula..tive. .6e.QuJti.tie..6 [c.f. stocks] pJtovide. .the. highe..6.t 
Jta..te. o6 Jte..tuJtn a.nd va.Jtia..tion, a.nd .the.Jte.6oJte. .the. Jti.6~ l.6 
QOJtJte..6pondingly high." Ibbotson and Sinquefield (1977) 
showed that over the period 1926 to 1976 the average annual 
rates of return on short-term US Treasury bills, long-tetm 
US government bonds and corporate bonds were 2.5 per cent, 
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3.5 per cent and 4.2 per cent respectively. By comparison 
the average annual rates of return on US stocks over the 
same period was 11.3 per cent. The reason why government 
debt is so safe (and hence offers low return) is well put by 
Roll and Buckley (1961) when they say (about US bonds) 
" the obligation ofi the-United State~ have been ~on-
them Aaa- top quality with maximum ~afiety ..... The United 
State~ ha~ neven defiaulted on it~ debt, and thene appean~ to 
be no nea~on to expe~t any bneak. in thi~ :tnadi:tion." 
In j study on optimal international asset allocation 
by American institutions, Solnik and Noetzlin (1983) showed 
that the major stock markets on which institutional investors 
trade generated compound annual gains ranging between 10% 
and 25%, broadly outperforming bond markets. However, 
associated with these large gains are correspondingly large 
risks - something not associated with government bonds if 
they are held to maturity. This thesis is only considering 
risky investments and for this reason bonds will not be 
included in the universe of securities. 
*Moody•s Investor Service is a firm supplying statistical information 
regarding various investments to enable investors to assess their 
prospects. A bond rated Aaa is judged to be of the best quality with 
the smallest degree of risk. They are generally referred to as 
11 gilts 11 • 
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2.6 Other Investments 
Apart from common stocks, bonds and commodities, the 
investor can invest in many other forms of non-security 
assets, such as real estate, stamps, art or antiques. There 
are several problems when investing in these assets since 
it is often extremely difficult to value each piece of land, 
each painting etc. since not all pieces of land or all paint-
ings are identical. Furthermore transaction costs tend to 
be relatively much higher than is the case for common stocks 
and thus the asset must normally be held for a longer period 
of time than is true for stocks. Not only is the return on 
these non-security assets difficult to calculate since the 
asset must usually be sold to produce a final accounting, 
but non-monetary returns are often very important. Winjum 
and Winjum (1974) put it this way: "Al.thou..gh a.Jt:t obje.c.:t.o 
do no;t p!tovide. a.n a.nnu..a.l c.a..oh nlow, :the. p.oyc.hic. inc.ome. 
de.Jtive.d n!tom po.o.oe..o.oing :the.m c.a.n be. e.no!tmou...o. Th~ da.y-:to-da.y 
e.xpe.Jtie.nc.e_ On living Wi:th nine_ obje_c.;t.o i.O e.x:tJte.me.ly Jte.Wa.Jtding. 
[The] p.oyc.hic. Jte.Wa.Jtd.o ••.•... [may] be.c.ome. mo!te. impoJt:ta.n;t 
:tha.n [the] o!tigina.l obje.c.:tive. on c.a.pi:ta.l a.pp!te.c.ia.:tlon." 
Postage stamps appear to be a good hedge against in-
flation and in recent years have shown rapid appreciation. 
Studies on US stamps in recent years (see Shepherd (1972)) 
indicate that they have appreciated by over 10 per cent 
annually since the early 196Q•s, and by 5 per cent annually 
since 1949. Rare stamps performed even better, with average 
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annual returns close to 50 per cent. Although recent rates 
of return have been high, the long-term historical rates of 
return are not especially high relative to the return earne~ 
on common stocks during the same period. However, the 
positive rates of return do indicate potential profit in 
stamp collecting. Examples of stamps commanding high prices 
include the one-of-a kind British Guiana 1c Magenta of 1856 
sold for $280 000 to a syndicate of busi~es~~en, and 
the US Air Mail 1918 24c Inverts which command $47 000 a piece. 
11 [Art and antiques] a.Jte. a. good -<.nve..6.tme.n.t c.ompa.Jte.d w-<..th 
o.the.Jt -<.nve..6.tme.n.t.6, -<.nc.lu.d-<.ng Jte.a.l e..6.ta..te. a.nd .the. .6.toc.f<. ma.Jtf<.e..t" 
according to Rush (1961). The rates of return on these in-
vestments have generally been good, although risk and return 
problems are clearly present. The Times-Sotheby Index (an 
art index prepared by the London Times in conjunction with 
one of England•s leading auction houses) for 1950 to 1970 
showed that most categories of art were able to show a per-
formance superior to that of the average mutual fund. This 
may be due to the fact that the supply of genuine antiques 
and old paintings is fixed, yet demand has increased. Further-
mdre, museums have bought or been donated art pieces, and so 
in reality there exists a "l-<.m-<..te.d a.nd de.c.l-<.n-<.ng .6u.pply a.nd 
-<.nc.Jte.a..6-<.ng de.ma.nd - .the. a.lmo.6.t pe.Jtfie.c..t -<.nve..6.tme.n.t .6-<..tu.a..t-<.on" 
according to Stevenson and Jennings (1976). 
The investment in real estate is attractive since 
equity is built up over a number of years as the mortgage is 
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repaid and it is very likely that the property will appre-
ciate in value since new land is not being produced. Further-
more there may be significant tax advantages for these in-
vestors. However, again it may be difficult to calculate 
rates of return from real estate ownership since there are 
many non-quantifiable benefits ·that may result, such as the 
psychological and personal satisfaction of owning land and 
possibly a house. Since more purchases require an outside 
sou~ce of financing, real estate investors should be aware 
that during times of economic recession when outside money 
is not freely available, property prices may slump dramati-
cally. 
There are also marketability problems associated with 
art and property investments. That is, it is not easy to 
establish the exact market price of each item at each point 
in time~ and it may be extremely difficult to sell a parti-
cular item at a particular point in time. 
For the purpose of this thesis the non-security assets 
will be ignored as investment media. The reason for this is 
the heterogeneous character of these investments which 
makes it extremely difficult to value each item. Furthermore 
the psychological return from owning a non-security asset 
is unquantifiable. 
2.7 Summary 
Table 2.3 displays the 25 securities chosen as 
Security 
JSE Coal Index 
JSE Diamond Index 
JSE All Gold Index 
JSE Metals & Minerals Index 
JSE Mining Financials Index 
JSE Financials Index 
JSE Industrial Index 
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Standard & Poor's '500' Index l 
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Table 2.3 25 Securities chosen as investment alternatives 
for funds at risk 
All 
Securities 
2 0 2 1 
investment alternatives for funds at risk in this thesis. 
Although other investment alternatives exist they have 
been excluded from this study because they are either risk-
free investments (for example, bonds) or they are non-security 
assets and their heterogeneous nature makes it extremely 
difficult to value them. 
It should be noted that the intention of the thesis is 
not to be an exhaustive study of all possible investment 
media. Rather it is merely intended to provide an indication 
of the potential benefits that might exist for the South 
African investor should foreign exchange restrictions be 
lifted. It is also hoped to provide an indication of what 
percentage of funds the South African investor would on 
average invest outside the Republic of South Africa given the 
abolition of foreign exchange control. 
/ 
3.1 
C H A P T E R 3 
AN INITIAL INVESTIGATION OF THE DATA 
3.1 Introduction 
Investment in foreign as well as South African secu-
rities involves dealing with widely differing types of 
securities (common stock, bullion, raw metals and soft 
commodities, for example), markets, trading procedures and 
currencies. 
Thus the South African investor who is considering 
divesting part or all of his funds outside of South African 
securities would like to know how each security has performed 
in the recent past. Furthermore any foreign stocks and/or 
commodities the South African investor purchases must be paid 
for with foreign currency. For example, if he wishes to buy 
copper (quoted in £/ton) or buy securities quoted on the 
London Stock Exchange, he will have to first exchang~ his 
South African rands into UK pounds before the purchase can 
take place. Therefore the floating exchange rates between 
rands and pounds, and rands and dollars is of great 
importance. 
In this chapter these factors are considered more 
closely. Section 2 discusses the subject of the currency 
factbr on the relative performance and volatility of each of 
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the securities in the study. Finally, in section 3 the 
statistical technique of multidimensional scaling is applied 
to the data and the resulting display examined. 
3.2 Performance, Yolatility and the Currency Factor 
The 25 securities under study as investment alterna-
tives appear in Table 3.1, together with performance and risk 
figures calculated from month-end data for the period 
February 1965 to January 1980 (180 months in all). This data 
was all expressed in local currencies. 
The total performance of each security is the percentage 
gain of that security over the entire period. This is defined 
as 
Total·· Performance 
= PriceJanuary 1980 - PriceFebruary 1965 x 100 
PrlceFebruary 1965 
The compound annual return of each security (expressed in 
percent per annum) is defined as 
P-r i c e J a n u a r y .1 9 8 0 ) - 1 X 100 
P~lceFebruary 1965 
The 15th root is taken, since the 180 months between February 
1965 and January 1980 constitute exactly 15 years. The 
domestic risk for each security is defined as the standard 
deviation of the annual returns over the entire 15 year period. 
The domestic risk and compound annual return are ex-
pressed in percent per annum while the total performance is 
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security 1 oca 1 total compound ranking 
currency perform- annual of return 
ance return 
(%) (% ea) 
JSE coal SA Rand 393,57 11 '23 13 
JSE diamonds SA Rand 480 '7-0 12,44 6 
JSE all gold SA Rand 420,69 11 '63 10 
JSE mets. & mins. SA Rand 417,71 11 '58 11 
JSE min. fin. 
JSE fin. 
JSE indust. 



















SA Rand 437,50 11,86 7 
SA Rand 1 53 ,61 6,40 22 
SA Rand 136 ,25 5,90 24 
us $ 33 ,09 1 '92 25 
UK £ 139,06 5,98 23 
UK £ 234,44 8,38 17 
UK £ 519,08 12,92 5 
UK£ 221 ,05 8,09 18 
UK p 1366 ,96 19,61 2 
UK £ 303,06 9,74 14 
UK £ 436 ,40 11 ,85 8 
UK £ 197 '14 7,53 19 
UK £ 397 ,82 11 '29 12 
UK £ 428,67 11,74 9 
UK £ 631,96 14' 19 4 
us $ 1812,10 21 '74 
UK p 166,06 6,74 21 
UK £ 181 '78 7 '15 20 
UK £ 738,30 15,23 3 
UK £ 250,11 8,71 16 
UK £ 256,96 8,85 15 
Risks and Returns (in local currencies) of 25 






























expressed as a percentage. Also included in the table are 
the rankings in terms of returns of each of the 25 securities. 
From these figures it can be seen that the best returns have 
been achieved by investing in gold, silver, sugar and platinum 
(bought at the free price). However these securities (as 
well as zinc, copper and South African fina~cial shares) car~y 
the largest risks. 
This information is not of great relevance to the South 
African investor as all the returns and risks in Table 3.1 
are calculated from prices expressed in local currencies. 
More meaningful figures for the South African investor would 
be those calculated when the prices are all expressed in 
South African rands. Each price series was multiplied by the 
appropriate exchange rate. Table 3.2 displays performance 
and volatility figures for all 25 securities in rand t~rms 
for the same 15 year period, Febr~ary 1965 to January 1980. 
The total performance and compound annual return for 
.each security are defined in precisely the same way as in 
Table 3.1, as is the domestic risk. Also included in 
Table 3.2 is the total risk, defined as the standard deviation 
of the annual returns of each security over the entire 15 
year period, as well as the exchange risk, which is the 
standard deviation of the returns of the dollar- and pound-
exchange rates. Both these measures are displayed as percent 
per ann~m. 
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security total compound 
perform- annua 1. exchange total domestic 
ance return gain risk 
(%) (% pa) (% pa) (% pa) 
JSE coal 393,57 11 ,23 0,00 22,08 
JSE diamonds 480,70 12,44 0,00 31 ,06 
JSE all gold 420,69 11 ,63 0,00 32,48 
JSE mets. & min. 417,71 11 ,58 0,00 29,32 
JSE min. fin. 437 ,50 11 ,86 0,00 20,94 
JSE financial 153 ,61 6,40 0,00 35,74 
JSE industrial 136,25 5,90 0,00 21 ,50 
s & p 52,22 2,84 -1 ,05 20,48 
UK act. index 121,20 5,44 0,67 31 ,46 
lead 209.46 7,82 0,67 25,24 
tin 472~85 13,34 0,67 18,07 
zinc 197 ,,07 7,53 0,67 33,26 
silver 3157,85 26,14 0,67 19,51 
aluminium 272 ,96 9' 17 . 0,67 15,63 
antimony 396,34 11 ;;27 0,67 37,09 
copper 174,95 6,98 0,67 30,93 
nickel 360.,64 10 '72 0,67 12 '19 
platinum (OP) 389.,19 11 '16 0,67 7,42 
platinum (FP) . 577 ~30 13 ~60 0,67 22,06 
gold 2087,04 22,84 -1 ,05 19,57 
wool 168,61 6 ,81 0,67 29 '13 
cotton 160 ,73 6,60 0,67 33,43 
sugar 675.,70 14 ,63 0,67 42,55 
wheat 223,96 8 '15 0,67 17,07 
maize 230 ,30 8,29 0,67 22,90 
Table 3.2 Performance and Volatility of 25 securities for 


























































Finally, the exchange gain, defined as 
exchange gain 
= exchange rateJanuary 1980 - exchange rateFebruary 1965 x 100 
exchange rate 
February 1965 
is displayed for each of the three currencies under study~ 
that is, South African rands, US dollars and UK pounds. The 
~xchange gain indicates how these currencies have moved re-
lative to the South African rand over the entire 180 month 
period and is measured in percent per annum. Note that the ex-
change gain is positive in the case of UK pounds-quoted 
se~urities, negative in the case of US dollars-quoted 
securities and zero in the case of the South African securi-
ties. 
Table 3.2 shows that the best returns from a South 
African investor•s point of view have been achieved by in-
vesting in gold, silver and sugar. Sugar carries the greatest 
total risk, while antimony and South African financial shares 
are also extremely volatile. Of interest is that both gold 
and silver are only moderately risky to the South African 
investor. This is because the correlation between these 
securities and the exchange rate was large and negative, 
largely 11 Smoothing 11 the price series out. When the standard 
deviation of returns of these series are calculated they are 
much smaller than those of the original series. Hence the 
following comment by Solnik and Noetzlin (1983): 
"It i~ o6ten ~aid that the cuftftency 6actoft ha~ been a majoft 
element in pe~6o~mance and fti~~ [in recent years]. Thi~ 
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a~~ent~on may depend on what ba~e ~unnen~y ~~ ne6enned to. 
Funthenmone, what may be tnue 6on ~pe~~6~~ ~nve~tment~ ~~ not 
ne~e~~an~iy ~o 0on ~ntennat~onai pont6ol~o~ whene ex~hange 
n~~~ ~~ d~ven~~6~ed, due to the ~oex~~ten~e o6 hoid~ng~ ~n 
~ ev enai ~unnen~~e~." 
For the same reason as above, the differential in 
Table 3.2 between volatility in rands (total risk) of each 
security and volatility in local currency (domestic risk) is 
generally less than the exchange risk. 
The foreign stock exchanges both. had very small annual 
returns of between about 3% and 5i% with moderate risks. 
South African shares had annual returns of between 6% and 
12~%, while the range of the metals was between about 7% and 
26%. The soft commodities attained returns of between 6i% 
and 14%. The average risk for a South African investor 
based in rands was about 27~% annually on the South African 
equity market, about 21% on foreign equity markets, about 
28~% on metals and about 29% on soft commodities. 
3.3 A multidimensional scaling of the data 
The technique of multidimensional scaling has the effect 
of displaying points in very high dimensional space as points 
in much lower dimensionality (Kruskal 1964a,b). 
Greenacre and Underhill (1982) expound the usefulness 
of this method when they note that ~~~~al~ng te~hn~que~ pnov~de 
a natunai 6~n~t ~tage ~n the explonat~on o0 a data matn~x. 
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F~am a pain~ a6 view a6 eammuniea~ian, a g~aphieal de~e~ip~ian 
i~ ve~y ea~ily and quieRly a~~imila~ed by the ~e~ea~ehe~. 
In pa~~ieula~, ~ealed da~a ha~ ~he 6amilia~ appea~anee"a6 a 
map a6 pain~~ and ~he p~aximitie~, di~~anee~ and g~auping~ 
a6 ~he pain~~ a~e ~eadily pieRed up by ~he eye." 
The original data vector can be considered as a point 
in high-dimensional space and the scaling process maps this 
point to a point in a low-dimensional subspace. In general 
the subspace will be of two dimensions so the original vectors 
are 11 Scaled 11 as points on a plane. To create the 11 Scaling 11 
a square symmetric data matrix of dissimilarities between 
points must be created. 
In this study the raw data consisted of price series 
I 
of 25 securities for 181 months, i.e. a 25 x 181 matrix, 
which had to be transformed into a 25 x 2 matrix which can 
then be displayed on a plane. A measure of the similarity 
between two securities a and S can be found by considering 
the correlation between them. The transformation 
d = 1 
aS "Z 
where is the correlation between 
securities a and B 
yields a measure of dissimilarity between securities a and 
B, with a value of 0 indicating high similarity and a value 
of 1 indicating high dissimilarity. The square symmetric 
matrix formed by all the daB' a= 1,2, ... ,25; 
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B = 1 ,2, ... ,25 is an adequate matrix of dissimilarities 
between the 25 securities. 
Associated with each possible configuration of the points 
in two dimensions is a badness-of-fit measure, called the 
stress. The stress is thus a function of the configuration, 
and the scaling solution is one in which the stress is 
minimised. As there is no algebraic solution to the problem 
of minimising the stress an iterative procedure is employed. 
Such a procedure has been programmed by Greenacre and 
Underhill (1982). 
Figure 3.1 is a display of the 25 securities in two 
dimensions obtained using Greenacre and Underhill •s multi-
dimensional scaling program. Using the stress function 
where 
25 A ,25 
S2 = ~- 1(d.-d.) 2 /~. 1' d~ 





are the true and fitted distances 
associated with the dissimilarity matrix respectively 
(Greenacre and Underhill (1982), equation 5.2.3), the stress 
for this configuration is 0.1116 which implies a gnod fit 
in two dimensions. 
It will be noticed that the axis AA• indicates, in 
general, an increasing likeness to South African securities. 
Thus all but two of the South African securities lie 
in the same quadrant of the display. The exceptions are 
South African gold shares, which are probably more closely 








3.1 A multidimensional scaling of 25 securities 
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JSE Coal Index (SA rands) 
JSE Diamond Index (SA rands) 
JSE All Gold Index (SA rands) 
JSE Metals and Minerals Index (SA rands) 
JSE Mining Financial Index (SA rands) 
JSE Financial Index (SA rands) 
JSE Industrial Index (SA rands) 
Standard and Poor 1 s 1 500 1 Index (US dolla-rs) 
UK Actuaries Index (UK pounds) 
lead price - London fixing (£/ton) 
tin price - London fixing (£/ton) 
zinc price - London fixing (£/ton) 
silver price - London fixing (p/troy oz) 
aluminium price - London fixing (£/ton) 
antimony price - London fixing (£/ton) 
copper price - London fixing (£/ton) 
nickel price - London fixing (£/ton) 
platinum price (official price) - London 
fixing (£/troy oz) 
platinum price (free price) - London 
fixing (£/troy oz) 
gold price - New York fixing ($/troy oz) 
wool price - London fixing (p/kg) 
cotto·n price - London fixing (£/ton) 
sugar price - London fixing (£/ton) 
wheat price - London fixing (£/ton) 
maize price - London fixing (£/ton) 
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to other South African shares, and South African coal shares 
which rely on the world mineral prices since a large pro.-
portion of South African coal is exported. Similarly almost 
all the foreign securities lie in the upper left quadrant 
of the display except for sugar which appears to be an 
outlier. 
Along the axis BB 1 there is a tendency for both in-
creasing liquidity and durability of the securities in 
question from B to s•. Thus the world 1 s stock exchanges 
(the most liquid of the assets under study) are positioned 
mainly in the upper right quadrant, examples being the 
Standard and Poor•s Index on the New York Stock Exchange and 
the UK Actuaries Index on the London Stock Exchange as well 
as most of the South African indices. An exception is the 
South African gold shares. This is because gold shares are 
very dependent on the gold price. Roughly in the centre of 
the display are the metals (with the exception_ of zinc), 
which are less readily convertible to cash than shares are. 
Closest to B are the soft commodities which are the least 
liquid investmen~ of all the securities considered. 
A share of stock of a company is considered as lasting 
forever, and will only cease to exist if the company ceases 
to exist. Thus shares are extremely durable investmen~. and 
are all in the upper right quadrant of the display. On the 
other hand the soft commodities are all of short durability. 
These securities are positioned in the lower left quadrant 
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of the display. 
11 Cluster loops 11 have been inserted to group various 
securities in Figure 3.1. The groupings are according to 
type of security (for example, South African shares, metals 
etc) and are not the product of cluster analysis. In the 
one quadrant of the display the South African mining and 
metal securities are grouped, and a larger cluster adds the 
remaining South African securities to the group. It will be 
noted that the South African shares form a group which is 
very widely spaced. The reason for this is that they are 
very diverse in nature. For example, the South African gold, 
coal and metal and mineral shares follow international metal 
prices, whereas the South African financial and industrial 
shares are more closely associated with foreign stock ex-
change prices. At the top of the display the two foreign 
stock exchanges are grouped together. In the centre of the 
display are the precious metals gold~ silver and platinum 
(free price). Another group consists of all the industrial-
related metals, notabl.y nickel, antimony, aluminium and tin. 
All the metals are arranged in one cluster and all the soft 
commodities except sugar (an outlier) are tightly grouped 
together. 
These groupings clearly indicate the similarities which 
exist between the 25 securities. 
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C H A P T E R 4 
PORTFOLIO SELECTION USING THE 
MARKOWITZ APPROACH 
4.1 Introduction 
The overall aim of this thesis is to determine expo~~ 
whether or not the rational South African investor would have 
divested his funds out of South African securities in the event 
of a _complete relaxation of the present exchange control 
regulations. In other words, had South African investors 
been allowed to invest outside of South Africa in the past 
say, twenty years, what securities would have been most 
pro-fit a b 1 e for them to i n vest i n? In Chapter 2 i t was 
argue~ that the possible alternatives to the South African 
share market were the major international stock markets .and 
the commodity markets of the world. 
The an a 1 y s i s of an investor • s port f o 1 i o " . . . . . .6 ~a.Jt~.6 
wl~h ln6oJtma.tlon conceJtnlng lndlvldua.l ~ecuJtl~le.6. It end.6 
wl~h conclu.6lon.6 conceJtnlng poJtt6ollo~ a..6 a. whole. The puJt-
po.6e o6 the a.na.ly.6l.6 l.6 to 6lnd poJtt6nllo.6 whlch be.6~ mee~ 
~he objective.~ o6 the. lnve.~toJt." (Markowitz (1959)). 
Thus the first stage in portfolio selection is security 
analysis and concerns the collection of predictions about the 
future prospects of securities. There are two schools of 
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thought as to the best method of predicting future prospects. 
The fundamentalists believe that by studying the balance 
sheets, dividend records, management policies etc of the 
company it is possible to determine the intrinsic value of 
the security under observation. On the other hand the-
technical analysts believe that past patterns of price be-
haviour will recur in the future and thus past prices can be 
used as a prediction of future prices. More recently the 
Efficient Market Hypothesis has queried whether either of 
these two approaches can be used successfully in practice. 
However from the portfolio selection problem point of view 
all that is important is that the predictions from the secu-
rity analysis phase must be used as predictions for the port-
folio analysis phase. This is true regardless of whether the 
predictions are derived using the fundamental or technical 
approach, or any other approach. for that matter. 
In this chapter an overall view of the portfolio 
selection problem will be presented together with the formu-
lation and solution proposed by Markowitz (1959). In section 
2 the major basic definitions of the parameters which under-
lie modern portfolio theory are discussed. Section 3 con-
tains a discussion of how and why the addition of more 
securities to the portfolio makes this portfolio more desir-
able, and in section 4 the original mathematical model pro-
posed by Markowitz is developed. Section 5 con&iders an 
extension of this model to allow for borrowing and lending of 
capital. 
4.3 
4.2 Risk and Return 
If there was no such thing as uncertainty, portfolio 
selection would not be necessary. An investor would simply 
buy that security which offered the greatest certain return. 
"Howeve~, the ~eal wo~ld i~ not one o6 ce~tainty and ~o the 
individual i~ lent with a choice and thu~ the need 6o~ po~t-
6 olio the o ~ y a~i~ e~ . " ( A f f1 e c k - G r a v e s ( 1 9 7 4 ) ) . I n o t h e r 
words, "~i~~ ~n inve~tment mean~ that fiutu~e ~etu~n~ a~e 
unp~edictable." (Brealey and Myers (1981)). 
Thus all investors, whether they use a mathematical 
approach to selecting securities or not, will consider the 
possible risks associated with their expected return. It 
should be intuitively obvious that investors require two 
things from their investment: 
(i) the return should be high 
(ii) this return should be stable, dependable and not 
subject to any uncertainty. 
Thus the investor shoul.d. consider two factors when 
choosing a portfolio: 
(i) the return he can expect to receive from the portfolio 
(ii) the uncertainty associated with this return. 
The rate of return is easily defined as 
Rate of return = receipt - expenditure 
expenditure 
and it follows that the return associated with a portfolio 
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is the weighted sum of the return on each individual security. 
When trying to quantify the terms "uncertainty" and 
"risk" Williamson (1970) argued that the individual who is 
faced with a risk problem does not know the final outcome, 
but does know the exact probability that any given outcome 
will occur. That is, the individual can determine the pro-
bability distribution associated with the problem. An 
example is the throwing of a die. However, the individual 
faced with an uncertainty problem has no knowledge of the 
probability distribution associated with the outcome. For 
example, an investor buying a share of stock is faced with a 
problem of uncertainty. 
However, the borderline between the two terms is so 
close that it shall be assumed that they are interchangeable. 
Thus the risk associated with a portfolio can b~ thought of 
as a measure of the uncertainty of the expected return. 
This uncertainty can be quantified in many ways, for 
example, the variance, standard deviation, mean absolute 
deviation, semi-variance or coefficient of variation. The 
variance is the most commonly used measure of risk in port-
folio selection and is the one used in the Markowitz approach 
which will be discussed in the next section~ 
The expected return on a portfolio is simply a weighted 
average of the expected returns on the individual securities. 
A first inclination may be to assume that the standard 
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deviation of a portfolio is also a weighted average of the 
standard deviations on the individual securities. However, 
this is only true if the individual securities move together 




Consider the case of a portfolio of just two securities. 
X. =proportion of funds invested in security i, 
1 
i = 1 '2 
a. = standard deviation of security i, i = 1,2 
1 
crp = standard deviation of the portfolio 




p = Var(X1.return on security 1 + X2.return on security 2) 
= Var(X1.return on security 1) + Var(X2.return on security 
+ 2 Cov(X1.return on security 1, X2.return on security 2) 
2 2 2 2 
= X1cr1 + X2cr2 + 2X1X2cr102P1 2 ' 
2) 
But, if it is assumed that the standard deviation of a port-
folio is a weighted average of the individual standard 
deviations, then 
a2* = (X1cr1+X2cr2) 2 p 
2 2 2 2 
2X1X2cr1cr2 = X1cr1 + X2cr2 + 
2 2 2 2 
2X1X2cr102P1,2 > X1cr1 + X2cr2 + 
since -1 < P1,2-< 1 
Thus only if P1 2 = 1 will the risk involved in hold-
' 
ing a portfolio of more than one security be the same as the 
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average of the risks of the individual securities involved. 
In all other cases the risk of holding a portfolio will be 
somewhat less than the average risk of the individual 
securities. 
So if an investor is willing to choose a portfolio 
solely on the basis of the two variables, expected return 
and the uncertainty of that return, it may be assumed that 
the following rules would apply: 
(i) If two portfolios have the same expected return the 
rational investor will choose the one with the lower 
risk. 
(ii) If two portfolios have the same risk then the rational 
investor will choose the one with the greatest ex-
pected return. 
(iii) If one portfolio.has less risk and a greater return 
than another portfolio it will be preferred. 
Thus a differentiation can be made between 'efficient• 
and 'inefficient' portfolios. 
A portfolio is 'efficient' if it is impossible to 
achieve a greater expected return witho~t bearing 
more risk and it is impossible to achieve a smaller 
risk without decreasing the expected return. 
Likewise, a portfolio is 'inefficient• if it is 
possible to achieve a larger expected return without 
bearing greater risk, or to obtain a smaller risk 
without decreasing the expected return. 
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involved. However if the correlation between the two secu-
rities is decreased below 1 then the portfolio risk becomes 
somewhat less than the average risk of the individual 
securities, since 
since P1 2<1 , 
The greatest possible reduction in risk occurs when the two 
securities are perfectly negatively correlated. Then the 
portfolio risk is 
When there is perfect negative correlation there is always 
a portfolio strategy (represented by a particular set of 
portfolio weights) which will completely eliminate risk. Say, 
for example, that the standard deviation of security 1 is a 
times that of security 2. Then to eliminate risk the best 
strategy is to invest a times as much in security 2. Then 
and if X1 is invested in security 1 then invest aX1 





Brealey and Myers (1981) comment wryly that "Lt;., :too ba.d 
c.ommon. J.J:toc.k.-6." 
The formula for the variance of a portfolio can be ex-
tended to a portfolio containing three or more securities. 
If the portfolio contains three securities then 
02 
2 2 2 2 2 2 
= X1o1 + X2o2 + X3o3 + 2X1X2o102P1,2 p 
+ 2X1X3o1o3P1 3 + 2X2X3o203P2 d 
' 
In general the simplest formula for calculating 
of a portfolio containing N securities is 
where 
0 2 IN IN X X = . 1 . 1 . . 0 .. p •1= 'J= 1 J 1J 
a .. = covariance of securities i and j 
1 J 
the variance 
When = j then 0 .. = 0~' 
1 J 1 
the variance of security i. 
The expected return of a portfolio containing N securities 
i s 
E = ..!._ \'N X 
P N L.i=1 i 
Wagner and Lau (1971) conducted a study in which they formed 
portfoliosof differing size from a sample of stocks and then 
calculated the standard deviation of returns for each of 
these portfolios. Figure 4.1 shows the generalised results 
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Number of securities in portfolio, N 
Increasing the number of securities in a portfolio 
generally decreases portfolio standard deviation 
It can be seen that as more stocks are added to the port-
folio there is a reduct1fn in the portfolio risk. In their 
study Wagner and Lau found that "on a.ve..Jta.ge.., a.ppJtox.-<.ma.;te..R..y 
40% o6 ;the. Jtl~k wa.~ Jte..duQe..d ;thJtough ;the. ~lmpR..e.. e..x.pe..dle..n;t o6 
hoR..dlng a. Jta.ndomR..y ~e..R..e..Q;te..d dlve..Jt~l6le..d poJt;t6oR..lo." However, 
most of the benefit of dive~sification can be achieved with 
relatively few stocks : the improvement is slight when the 
number of stocks is increased beyond, say, 10. 
Diversification reduces risk because prices of different 
securities do not move exactly together. c That is, they are 
imperfectly correlated. This means that sometimes a decline 
in the price of one security is cancelled out by a rise in 
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the price of another. Thus the portfoli~ standard deviation 
is decreased and an opportunity exists to reduce risk by 
diversification. 
Risk can be broken up into two parts: 
(i) The risk that can potentially be eliminated by 
diversification is called •unique risk 1 or •un-
systematic risk•. This is the variability not ex-
plained by general market movements and stems from 
the fact that "many o6 ~he pe4ll~ ~ha~ ~u44ound an 
lndlvldual eompany a4e peeulla4 ~o ~ha~ eompany a~d 
pe4hap~ l~~ lmmedla~e eompe~l~o4~." ( B rea 1 ey and 
Myers (1981)). Thus, for example, local strikes or 
bad management will constitute unique risk. 
(ii) The risk that cannot be avoided however much diver-
sification is employed is ca14ed •market risk• or 
•systematic risk• .. This is caused by movements in 
the market as a whole and stems from the fact that 
"~he4e a4e. eeonomy-wlde pe4ll~ whleh~h4e.a~en all 
b u~ l n e.~~ . " ( B rea 1 e y and Myers ( 1 9 8 1 ) ) . T h u s i n -
vestors are exposed tn market uncertainties no matter 
how many stocks they hold. 
The above two components of risk are combined in the 
following way: 
Total risk = unique risk + market risk. 
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In Figure 4.2 below the portfolio risk (represented by 
the standard deviation of expected returns) has been divided 











Number of securities in portfolio, N 
Figure 4.2 Portfolio risk expressed as a sum of unique 
risk and market risk 
When only a small number of securities are included in 
the portfolio the unique risk is important, but when the 
portfolio consists of a large number of securities diversi-
fication no longer reduces risk and only market risk is 
important. As Brealey and Myers (1981) put it ";the_ p!te_-
dominant ~oufl..ee_ o6 unee.Jt:tain:ty 6ofl.. a dive_Jt~i6ie.d inve_~;toJt 
i~ :that :the_ maJtk.e_;t will Jti~ e_ Oil.. plumme_:t, eafl..Jtying :the_ 
inv e_~:tofl.. '~ poJt:t6 oLi..o with i;t." 
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They continue by saying "I6 we. wan.t to k.n.ow the. c.on.-
t~ibution. o6 an. individual ~e.c.u~ity to the. ~i~k. o6 a we.ll-
dive.~~i6ie.d po~t6olio, it i~ n.o good thin.k.in.g about how 
~i~k.y that ~e.c.u~ity i~ whe.n. he.ld in. i~olat~on. - we. n.e.e.d to 
me.a~u~e. it~ ma~k.e.t ~i~k. an.d that boil~ down. to me.a~u~in.g 
how ~e.n.~itive. it i~ to ma~k.e.t move.me.n.t~." 
Consider a portfolio in which equal investments are 
made in each of N stocks. The proportion invested in each 
stock is 1/N. Then the portfolio variance is 
cr 2 IN I'N X X = . 1 . 1 . . (J •• p >1= 'J= 1 J 1J 
= N(~)(k) x average variance 
+ (N 2 -N)(~)(A) x average covariance 
1 1 = N x average variance+ (1 - N) x average covariance 
As N increases, the portfolio variance approaches the 
average covariance. Thus if the average covariance were 
zero it would be possible to eliminate all risk· by holding 
sufficient securities. The securities considered do not move 
indepen~ently of one another, but are tied together in a web 
of positive covariances which set the limit to the benefits 
of diversification. Thus the market risk in Figure 4.2 is 
the average cbvariance which constitutes the risk remaining 
after diversification has done its work. 
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4.4 The Markowitz approach to portfolio selection 
More than thirty years ago Harry Markowitz (1952) pub-
lished a paper in which he proposed a model which has since 
become the cornerstone of portfolio selection. His basic 
approach makes use of the idea that the choice of a portfolio 
rests solely on two variables, that is the expected return 
an investor can achieve from the portfolio and the risk 
associated with that expected return. The most widely used 
measures of expected return and risk will be used here. They 
are the weighted average return of the securities comprising 
the portfolio, and the standard deviation of the returnson 
the portfolio respectively. 
In generating portfolios the following notation will 
be used: 
E. = expected return on the ith security 
1 
cr. = standard deviation of the return on 
1 
E = expected p return on the portfolio 
the ith security 
cr = standard deviation of the return on the portfolio p 
cr .. = covariance between 
1 J 
security i and security 
p .. = 
. 1 J 
correlation coefficient for the returns on 
securities i and j 
X. =proportion of funds invested in security i 
1 
N = total number of securities considered 
j 
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N X.E. Then Ep = l:i=1 1 1 
= X'E 
and 02 N N = Ii=1l:j=1 X. X .a .. p 1 J 1 J 
·N ·N 
= Ii=,Ij=1 x.x.a.a.p .. 1 J 1 J 1 J 
= x·~x 
where X' = (X 1 , Xz, ... ,XN) 
E' = ( E 1 , E2, ... ,En) 
and ~ = a2 012 0 1N 1 
2 
021 02 02N 
As has already been mentioned a rational investor will 
choose a portfolio on the basis of its expected return and 
the risk (standard deviation) associated with that return. 
Hence any portfolio may be represented as a single point in 
the Ep, ap plane. Figure 4.3 indicates the situation for 
a large number of securities. 
Each cross in Figure 4.3 represents the combination 
of risk and return offered by a different individual security. 
By mixing these securities in different proportions you can 
reduce your risk and obtain an_even wider selection of risk 
and expected return. Thus the range of attainable combi-
nations may look something like the broken-egg-shaped area 
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in the Ep, op plane as shown in Figure 4.3. 
A 
Figure 4.3 The set of feasible portfolios in the 
E a plane p' p 
Those portfolios lying along the convex upper boundary 
(curve AB) dominate all others in the sense that they are 
the portfolios for which no greater expected return is 
possible without incurring a greater risk, or equivalently, 
no smaller risk is attainable without sacrificing some ex-
pected return. These are commonly called the efficient set 
of portfolios, or the efficient frontier and a rational 
investor would only consider holding a portfolio from this 
efficient set. Brealey and Myer~ (1981) point out that 
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".6inc.e. you wi.6h :to inc.fte.a.6e. e.xpe.c.:te.d fte.:tuftn and fte.duc.e. 
.6:tandaftd de.via:tion, you will only be. in:te.fte..6:te.d in :tho.6e. 
poft:tnolio.6 :tha:t lie. along .the. [e.nnic.ie.n:t nfton:tie.ft]." Thus 
a rational investor will not hold a more risky portfolio 
without being offered a greater expected return. In the 
words of Lorie and Hamilton (1973) "pe.ople. do no:t like. fti.6k. 
and in :the.y e.xpe.c.:t :to inc.uft i:t, .the.y e.xpe.c.:t :to be. paid," 
and Jensen (1969) "in a woftld domina:te.d by fti.6k. ave.ft.6e. in-
ve..6:toft.6, a fti.6k.y poft:tnolio mu.6:t be. e.xpe.c.:te.d :to yie.ld highe.ft 
fte.:tuftn.6 :than a le..6.6 fti.6k.y poft.tnolio, oft i:t would no:t be. 
he.ld." 
Thus given predictions about individual securities and 
their interrelationships, the efficient set is the same for 
all investors. But each investo~ 1 S preference for return 
vi.6-d-vi.6 risk is likely to differ. Thus once the efficient 
frontier has been created it is left to the individual in-
vestor to trade off the expected return and risk of each 
portfolio on that efficient frontier, and to choose the par-
ticular one which suits his risk profile. Brealey and Myers 
(1981) comment "whe.:the.ft you wan:t :to c.hoo.6e. :the. minimum fti.6k. 
poft:tnolio (poft:tnolio AI oft :the. maximum e.xpe.c.:te.d fte.:tuftn poft:t-
nolio (poft:tnolio B! Oft .6ome. o:the.ft e.66ic.ie.n:t poft:tnolio de.pe.nd.6 
on how muc.h you di.6lik.e. :taking fti.6k.." 
where 
So if a portfolio can be represented as 
x. 
1 
is the proportion of funds invested in security i, 
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the basic Markowitz portfolio selection problem reduces to 
the following mathematical programming problem: 
minimise -AE + vP for p a 11 possible A ;;;.. 0 
where Ep = X'E 
and vP = az p = x•tx 
subject to the constraints 
( i ) N \' 1 X. = "i= 1 
that is, all the investor's funds must be invested, and 
( i i ) 
in the 
at th·e 
X.> 0 for all 
1 
i = 1,2, ••. ,N 
that is, no security may be held in negative quantities 
(i.e. no short position is allowed). 
It w i 11 be seen that the objective function i s linear 
Ep, az p plane with slope A and wi 11 be minimised 
point where the line -AE + v i s tangent to the p p 
efficient frontier. Thus by varying A from 0 to oo each 
point on the efficient frontier can be created. 
A quadratic programming method must be employed to 
solve the above problem since Vp contains terms in X~ • 
1 
Additional linear equality constraints could be in-
eluded to ensure that a certain proportion of funds are 
invested in a particular section of the universe of securities 
available. For example 
·N \.
1 
d .. x. =R., 
L.J= 1J J 1 
would ensure that a proportion 




would be invested in 
section i of the universe of securities. 
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Furthermore, upper and lower bounds may be placed on 
the amount to be invested in each security by constraints of 
the form 
where 
L. <X . ...;; U. 





0 < L., u . ...;; 1 and i = 1,2, ... ,N 
1 1 
are the lower and upper bounds respect-· 
ively for the proportion of funds invested in security i. 
Thus a more general form of the problem, termed the 
•standard problem• can be written as 
minimise 






-A.E + vP p 
possible A. ;;:.. 
N x. to Ii=1 = 1 





x. > 0 
1 




i = 1,2, ... ,N 
Various algorithms have been devised to solve the •standard 
problem• and an adaption of the method proposed by Sharpe 
(1970) by Affleck-Graves (1974) has been used for computational 
purposes. 
4.5 In which borrowing and lending are introduced 
When considering a portfolio selection problem it should 
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. not be forgotten that not all funds need be invested in risky 
securities. There exist certain riskless assets, for example 
investments in banks, building societies or government secu-
rities. Lorie and Hamilton (1973) state that ".the.ne. a.ne. 
a.~~e..t~ who~e. na..te.~ o6 ne..tunn ea.n be. pne.die.te.d with vin.tua.i 
ee.n.ta.in.ty ..... mo~.t inve.~.ton~ ha.ve. a.n e.x.tna.ondina.niiy gne.a..t 
eon6ide.nee. .tha..t .the.y ea.n pne.die.t a.eeuna..te.iy .the. na..te. o6 ne..tunn 
on ~e.euni.tie.~ o6 .the. 6e.de.na.i gove.nnme.n.t 0on a.ny pe.niod whieh 
i~ e.qua.i .to .the.in ma..tuni.ty. Fon e.xa.mpie., Tne.a.~uny biii~ 
ma..tuning ~n one. ye.a.n ha.ve. a. pne.ei~e.iy pne.die.ta.bie. na..te. o6 
ne..tunn 6on one. ye.a.n." Furthermore portfolios can be purchased 
in part with borrowed funds. 
Thus allowance must be made in the portfolio selection 
problem for lending (investment in a riskless security like 
Treasury bills or a bank) and borrowing (issuing a riskless 
security to the lender which ~ill be repaid with interest at 
some future date). So if security r is riskless 
xr > 0 implies the investor lends 
X < 0 r implies the investor borrows 
X = D implies r he neither borrows nor lends 
i . e. he invests a 11 his funds in risky securities. 
Initially assume equal risk-free borrowing and lending rates. 
Then E r = rf 
where rf is the risk-free rate of return, and 
a r = 0 
since the security i s riskless. 
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Thus a ri = 0 for i = 1,2, ... ,N 
since a = a a.p . ri r 1 r,1 
= O.a.p . 1 r , 1 
= 0 
So if any two securities are combined into a portfolio, 
one of which is risk-free (security r) and the other being 
risky (security k) then 
Ep = XrEr + XkEk 
and a2 = X2a2 + X2a2 + 2X rXkarakpr,k p r r . k k 
= 0 + X2a2 + 0 k k 
= X2a2 since ar = 0 k k 
Thus if two such securities are combined the result is a 
straight line through the points representing the two secu-
rities in the plane. This is shown in Figure 4.4 
below. 
The efficient frontier as described in section 4.2 
is the curve AMB. An investor who wishes to invest in risky 
securities may invest in any portfolio along this curve. 
However, if it is assumed that he may lend to the market he 
may achieve a position anywhere along the line rf M by 
lending a proportion of his funds to the market (at zero 
risk) and investing the rest in portfolio Mat risk. If the 
investor wishes to bear no risk he may invest all his funds 
in His return would then be the risk-free rate of return 
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Figure 4.4 The effect of borrowing and lending 
and his risk would be rf = 0. If it is assumed that me may 
borrow at rate rf equal to the lending rate then he may 
achieve a position on the straight line above portfolio M 
by borrowing and investing all his funds as well as his 
borrowed funds in portfolio M. 
So regardless of what level of risk is chosen, the 
highest expected return can be achieved by a mixture of port-
folio M and borrowing or lending. There is no reason ever 
to hold portfolio A, say. Brealey and Myers (1981) remark 
that "we. c.an. ~.Se.panate. the. .<.n.ve.~.StoJt'-6 job .<.n.to two ~.Stage.-6. 
F.<.Jt~.St the. 'be.~.St' pontfiol.<.o o6 c.ommon. ~.Stoc.Q-6 mu~.St be. ~.Se.le.c.te.d. 
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S~eond, thi~ pont6oiio mu~t b~ bi~nd~d with bo~nowing on 
fending to obtain an ~xpo~une to ni~k that ~uit~ th~ inv~~to~·~ 
pantieuia~ ta~t~~. Eaeh inv~~ton, then~ 0 on~, ~houid put mon~y 
into ju~t two b~nehmank inv~~tment~ - a ni~ky pont0oiio M and 
a ni~k- 0 ne~ loan (bo~nowing on i~nding) ." This is known as 
the Separation Theorem. 
Assume that all investors are faced with the same oppor-
tunities (that is, they can borrow and lend at the same risk-
free rate), and they all agree on the expected returns for 
each security. Then clearly all investors will choose the 
same portfolio M of risky securities, which will contain all 
the securities in the market. The proportion of each secu-
rity will be equal to its proportionate value in the market 
as a whole. It is thus commonly called the 'market portfolio'. 
However, not all investors do invest in the market port-
folio. This is because they are seldom faced with the same 
opportunities, nor do they all have the same expectations 
about each security's prospects. Hence Brealey (1969) 
argues "The a~gument p~e~ent~d in thi~ ehapten doe~ not imply 
that ali inve~to~~ ~houid hav~ th~ ~arne mix o0 ~toek~. but 
only that they ~houid have the ~am~ mix i6 they ane 6aeed 
with the ~arne ~et o0 oppnotunitie~ and a~e agneed on the odd~ 
o6 ~eaii~ing va~iou~ level~ o6 netu~n. In p~aetiee, o6 
eou~~e. ~ueh ag~~ernent i~ nane. Even i6 they do ~han~ id~n­
tieai view~ o0 eaeh ~toek'~ p~o~peet~, di66e~~nee~ in the 
eo~t~ to whieh they a~~ liable eouid ~~~uit in di66e~~nee~ in 
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the~~ expectat~on~ o6 ~etu~n. Fo~ exampte, h~gh-y~etd~ng 
~tack~ o66e~ ve~y tow ~etu~n~ to ~nve~to~~ w~th a h~gh tax 
~ate." Bradfield (1983) adds that "b~oke~age co~t~ a~e ex-
ten~~ve 6o~ ta~ge po~t6ot~o~ ~uch a~ the ma~ket po~t6ot~o. 
It ~~ a wett-known 6act that d~ve~~~6~cat~on ~educe~ ~~~k, 
howeve~ ~e~ea~che~~ have ~hown that the ~mp~ovement ~n ~~~k 
~educt~on by d~ve~~~6y~ng po~t6ot~o~ by mo~e than 10 ~ecu~~­
t~e~ ~~ ~matt. " 
The initial assumption was equal borrowing and lending 
rates. It is unlikely that most investors will be able to 
borrow and lend at the same risk-free rate. Usually a 
higher borrowing rate will apply so, let 
EL = lending rate 
E8 = borrowing rate 
EL < EB 
Figure 4.5 below shows the effect of a higher borrowing rate. 
The investor is now faced with one of three decisions 
depending on his willingness to bear risk: 
(i) if he requires a risk less than aR he may lend a% 
of his funds and invest (1-a)% of his funds in the 
risky security R to attain some position on the line 
ELR. 
(ii) if he wishes to bear a risk of between aR and a 5 
he will choose one of the risky portfolios along the 
efficient frontier bet~een R and S, 
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(iii) if he wishes to stake all and bear a risk of greater 
than cr 5 , and if he can borrow at rate E8 , then 
the investor can achieve a position along the line 
SB by borrowing and investing th~t together with his 









Figure 4.5 The effect of borrowing and lending when the 
borrowing rate is greater than the lending 
rate 
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C H A P T E R 5 
RESULTS OF PORTFOLIO SELECTION FOR THE 
US, UK AND SOUTH AFRICAN INVESTOR 
5.1 Introduction 
In the previous chapter the theoretical formulation of 
the Markowitz portfolio selection model was presented. In· 
this chapter various efficient portfolios are constructed., 
using this model and empirical data from several recent time 
periods. The constituents of these portfolios are closely 
examined. 
Section 2 discusses the methodology used for the empiri-
cal study based on this portfolio selection model. The 
securities considered were those discussed ~n Chapter 2. The 
results of this initial look at portfolio selection from the 
South African investor•s point of view assuming that exchange 
control did not exist are contained in section 3. Th~ 
position as viewed by US and UK investors is discussed in 
section 4. Finally, in section 5 a summary and the main con-
clusions of the study appear. 
It should be pointed out that in this and all subse-
quent empirical studies, all brokerage and tax payments have 
been ignor~d. Since the model is essentially a single period 
buy and hold model the effect of brokerage will be to reduce 
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the reported return by a maximum of 4% per annum and has no 
effect on the risk. The effects of tax are complicated by 
the fact that different rates are applied to companies and 
to individuals, and individuals are taxed at different rates. 
It was therefore decided to ignore all tax effects - the 
individual investor can make his own modifications depending 
on his personal tax position. 
5.2 Methodology 
In section 4.3 the linear objective function of the 
mathematical programming problem was .formulated as 
minimise -AE + V for all possible A> 0 p p 
where E = expected return on the portfolio p 
= weighted average of expected returns of 
the securities i n the portfolio 
-
and v = 02 = variance of the returns on the portfolio p p 
Thus the problem is one in two dimensions and depends 
on two variables, namely the expected return on the portfolio 
and the variance of the returns on the portfolio. Thus for 
any given A the objective function will be minimised when 
a portfolio's expected return is large and this return is very 
stable (that is, the variance is small). Securities will 
only be included in the efficient portfolios if they have ex-
pected returns large enough to contribute towards this large 
portfolio return, and a risk small enough to maintain port-
folio variance at a low level. Thus securities that did well 
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over a particular period, and where risks associated with 
holding such securities are small would tend to be included 
in the efficient portfolios. 
The data discussed in Chapter 2 showed that the New 
York Stock Exchange (NYSE) and the London Stock Exchange 
(LSE) were represented in this study by only one index each, 
namely the Standard and Poor•s •sao• Index and the UK 
Actuaries Industrial Index respectively. However, the 
Johannesburg Stock Exchange (JSE) was represented by seven 
composite indices and so clearly those sections of the JSE 
that did very well in a given period with low associated 
risks would be selected for inclusion in the efficient 
frontier. Similarly those sections that did not do well or 
had high risks would be left out. This may lead to overall 
results that would indicate that South African shares were 
very good investments over the period under study, whereas 
in fact only one or two sections of the market performed 
particularly well, the others doing at most only averagely 
well. To eliminate this possible source of portfolio 
selection bias it was decided to employ a single overall index 
which would represent the JSE as a whole. For this purpose 
the JSE All Share Index was used to represent all South 
African shares. Figure 2.1 shows the percentage contribution 
of each of the seven composite indices already discussed to 
the JSE All Share Index. Results ach.ieved would then be 
comparable to those on the NYSE and the LSE. 
5.4 
For the same reason as described above the eleven metals 
and five soft commodities selected in Chapter 2 should also 
be combined into two separate indices for comparison purposes. 
Unfortunately there was no easily-obtainable index of metal 
or soft commodity prices. Thus indices for these two groups 
of securities had to be constructed. There are several 
different methods of constructing a stock market index, for 
example arithmetic averages, weighted averages, geometric 
averages etc, and a discussion of these methods can be found 
in Affleck-Graves (1977). 
It has been argue~ by Cohen and Fitch (1966) that since 
investors are generally interested in return and not usually 
in price pe~ ~e, stock market indices should be based on 
return and not price. Thus an ari.thmetic average of returns 
was decided on for the metal and soft commodity indices. 
Most of the empirical work pertaining to stock market indices 
based on return have not used return in the traditional sense 
of the word (difference in price over some period divided by 
price at the beginning of the period) but have used a related 
measure, the price relative 
PR = 
p . t 1 . 
' 
p . t 1 1 ; -
where p. t 
1 ; 
is the price of security i 
in period t. 
Thus, this type of index is usually constructed as follows: 
where 
and 
It is the level of the index at period t 
P. t is defined as above. 
1 ; 
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This type of index, which is essentially an index of rates of 
return, is often called an investment performance index (IPI). 
This index is equivalent to the performance of an investor 
who invests equal monetary amounts in each security and re-
allocates back to equal amounts at the start of each new period 
(whether a day, a week, a month or a year). The United Press 
International Market Indicator on the New York Stock Exchange 
is an example of a stock market index based on this methodology. 
Thus an universe of 5 securities existed, namely 
(i) South African shares (represented by the JSE All Share 
Index), 
(ii) US shares (represented by the Standard and Poor 1 S 
1 50 0 1 Index) , 
(iii) UK shares (represented by the UK Actuaries Industrial 
Index), 
(iv) Metals (represented by an IPI-type index calculated 
from the eleven metal price series), 
(v) Soft commodities (represented by an IPI-type index 
calculated from the five soft commodity price series). 
Portfolio selection on the five above-mentioned secu-
rities by means of the Markowitz approach as discussed in 
section 4.4 was desired. 
I 
The study was conducted over a period of 180 successive 
months, from February 1965 to January 1980. This time period 
was subdivided into three equal non-overlapping sub-periods, 
namely 
5.6 
1 ) February 1965 to January 1970 
2) February 1970 to January 1975 
3·) February 1975 to January 1980. -
These three periods were not chosen to coincide with or re-
present any market cycle, but provided three convenient 
periods for comparison of the Markowitz selection. 
As this study was aimed at observing the effect of 
various forms of investment on the South African investor, 
all prices were initially expressed in South African rands 
by multiplying by the dollar/rand or pound/rand exchange 
rates where necessary: 
PR = (P$)(ER$,R) 
or {P£)(ER£ R) 
' 
where PR = price of the security in SA rands 
P$.= price of the security in us dollars 
p£ = price of the security -in UK pounds 
ER$,R = exchange rate from US dollars to SA rand 
ER£,R exchange rate from UK pounds to SA rand 
The commodities expressed in pence were first converted to UK 
pounds. The indices on the JSE, originally created from series 
of prices quoted in SA rands, were not converted·. 
This study is done ex po6~ on prices collected over a 
past 15 year periOd. The ~esults of the portfolio selection 
model will indicate the proportion of funds that a South 
~------- -· 
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R. t = 1 og P. t - 1 og P. t 1 1, e 1, e 1,-
This is the monthly rate of return with continuous compounding. 
Thus for each of the sub-periods sixty monthly returns 
(spanning five years of data) were calculated. Mean monthly 
returns for each security in each sub-period were calculated, 
as was the 5x5 covariance matrix for each sub-period. 
This data was used as input to the Markowitz portfolio 
selection program coded by Affleck-Graves (1974), and the 
efficient frontiers were calculated. 
5.3 Empirical results of unconstrained efficient frontiers 
The unconstrained efficient frontiers created using the 
universe of five securities are displayed in Figure 5.1. 
These frontiers are unconstrained in the sense that no limit-
ation was placed on the proportion of the total funds which 
could be invested in any one security. The minimum proportion 
of zero was applied throughout which means that short 
positions were not allowed. 
As discussed in section 5.1, tax and brokerage effects 
were not considered. 
A close examination of these three frontiers reveals 
several important points: 
(a) The range of risk/return combinations available in 
' period 3 was slightly larger than that of period 2. 
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Figure 5.1 Unconstrained efficient frontiers (prices expressed 
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period 1 was very restricted, although a considerably 
smaller risk (with associated smaller return) than in 
periods 2 or 3 was achievable. 
(b) For a given risk level dramatically different returns 
were achieved depending on the period under consideration. 
For example, for op = 4,0% the following range of 
average monthly returns were achieved: 
period op E p 
1 4,0% 0,66% 
2 4 '0% 1 '4 0% 
3 4,0% 1 ,81% 
This would be important to an investor who had a port-
folio which included investment in securities other 
than those considered here, and who wished to bear 
a risk which was uniform over time on the portion 
invested in the securities considered in this study. 
Similarly, for a given return a varying amount of risk 
was incurred, depending on the period under consider-
ation. For example, for E = 1 10% the following p ' 





This return was unobtainable in 
this period at any risk level 
3,82% 1 ' 1 0% 
2,91% 1 ' 1 0% r 
• 
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This could be important to an investor who required a 
stable return (for example, a widow or pensioner who 
must live off the income created by the return on 
his/her investment) but was prepared to accept varying 
risks to achie~e this stable return. 
(c) The slope of the efficient frontier over particular 
ranges was sometimes very different from period to 
period. The table below indicates, for example, the 
percentage increase in expected return an investor 
could have achieved in each time period when the risk 
level was increased by 30% from 3,75% per month to 







= 3,75% cr p 
0 ,66 
0 ,99 
1 '7 5 
when % increase 
= 4,88% in E p 
0 ,68 3~03% 
1 ,9 5 96 ,97% 
1 ,9 7 12,56% 
This confirms that the slope at different risk levels 
is of great importance in deciding whether bearing 
additional risk is worthwhile in terms of an in-
vestor•s risk/return expectations. 
Figures 5.2, 5.3 and 5.4 again represent the efficient 
frontiers respectively for the three periods under consider-
ati~n. In these figures various individual portfolios along 
the effi~ient frontier have been numbered. An examination 
of the composition of these portfolios (each constituting 
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Figure 5.3 Unconstrained efficient frontiers - period 2 
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the level of diversification and magnitude of weighting in 
each security. Tables 5.1, 5.2 and 5.3 refer to Figures 
5.2, 5.3 and 5.4 respectively and represent periods 1, 2 
and 3 as defined in section 5.2. 
It can be seen that at very high risks, very limited 
diversification occured. This was due to the fact that only 
a limited number of securities in each period had suffi-
ciently high return to compensate the investor for the high 
risk. 
As the risk of the efficient portfolios decreased, 
diversification increased with concommitant smaller weightings 
in each security. This is due to the fact that these port-
.folios are approaching the area in which the •market portfnlio' 
lies, and since by definition the market portfolio is fully 
diversified it is clear that these portfolios show more 
diversification. Lower variance in portfolio returns is also 
to be expected as diversification increased. In fact the 
least risky efficient portfolio in periods 1, 2 and 3 con-
tained 5, 5 and 3 securities respectively. In other words, 
except for period 3, all five· securities considered were held 
in some proportion in the lowest risk portfolio. 
Certain of the securities appear to persist in the 
efficient portfolios over large risk ranges. For example, 
met a 1 s a p pea red tn a 1 1 port f o 1 i o s con s i de red i n peri o d s 1 and 
2, as do SA shares in period 1 and soft commodities in period 
2. The only way this can occur is if the security not only 
I 
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high risk medium risk low risk low.est 
SA shares 0,9957 0,3529 a, 1577 0,0775 
us shares - - - 0,0968 
UK shares - - 0,0771 0,0302 
metals 0,0043 0,6471 0,7498 0,4617 
soft commods.- - - 0,0154 0,3338 
ap 5,000 3,500 2,000 1 ' 5 61 
Ep 0,676 0,636 0,551 ' 0,307 
Table 5.1 Proportion of funds invested in securities at 
various levels of risk (SA rands -period 1) 
SA shares ~ JSE All Share Index 
metals, soft commodities ~ l !PI-type index each 
high risk medium risk low risk lowest 
SA shares - - 0,0172 0,0439 
us shares - - 0,0730 0,1871 
UK shares - - 0,0377 0,0647 
metals 0,1143 0,3250 0,3669 0,3956 
soft commods. 0.8857 0,6750 0,5052 0,3087 
ap 5.000 4,500 4,000 3,767 
E p 1,985 1,774 1 '41 6 0,989 
Table 5.2 Proportion of funds invested in securities at 
various levels of risk (SA rands - period 2) 
SA shares ~ JSE All Share Index 
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high risk medium risk low risk lowest risk 
SA shares - 0 '11 58 0,2075 0,2550 
us shares - 0,1331 0,2824 0,2928 
UK shares 0,0489 0,1175 0,0188 -
metals 0,9511 0,6336 . 0,2278 -
soft commod. - - 0,2635 0,4522 
crp 5,000 4,000 3,000 2,841 
E p 1 '98 7 1 '7 41 1 '2 2 0 0 '9 51 
Table 5.3 Proportion of funds invested in securities at 
various levels of risk (SA rands - period 3) 
SA shares ~ JSE All Share Index 
metals, soft commodities ~ 1 IPI~type index each 
had a high return during that period, but also showed very 
little covariance with any of the other currently efficient 
securities. 
It may be noticed that some securities appearing in 
adjacent portfolios came in at low proportions, rose to a 
peak and then fell again. Examples are metals in period 
and UK shares in period 3. These securities appeared to .be 
efficient over a wide risk range. Other securities came in 
at a high proportion of the portfolio and steadily diminished. 
Examples of securities displaying this behaviour are SA 
shares in period 1, soft commodities in period 2 and metals 
in period 3. Still further securities started in low pro-
portions and grew in importance as the risk level dropped, 
for example metals in period 2, soft commodities in periods 
• 
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1 and 3, US shares in periods 2 and 3, and SA shares in 
periods 2 and 3. 
It is of interest that every security appeared in at 
least one of the efficient portfolios in each period. 
The highest proportion for a security appearing in only 
one portfolio in any given period was US shares (0,0968) in 
period 1. This security occurred in the lowest risk port-
folio possible. No securities appeared in a non-peripheral 
portfolio only. This tends to substantiate the claim that 
''~hefte i~ a de6ini~e hieftaQhif o6 e66iQienQy dominanQe in 
eaQh peftiod whiQh implie~ ~hat when a [security] i~ e66i-
Qien~ enough ~o be inQluded in e66iQient poft~6olio~ on ~he 
e66iQien~ 6fton~ieft i~ ~end~ ~o peft~i~~ in ~he~e poft~6olio~ 
6oft quite a ftange in fti~k. ·Seldom doe~ a [security], onQe 
having aQhieved e66iQienQy dominanQe, only appeaft in a vefty 
loQali~ed aftea o6 ~he e66iQien~ 6fton~ieft.n (Carter, 
Affleck-Graves and Money (1982)). 
5.4 US and UK Investors 
Although the aim of this study is to determine ex po~~ 
what securities, and in what quantities, a South African in-
vestor should have invested in if the present exchange control 
regulations had not existed over the period February 1965 to 
January 1980, it is of interest to observe the situation 
from the US and UK investor's point of view. 
• 
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To achieve these situations it is necessary to convert 
all the security prices into US dollars or UK pounds by 
multiplying the originally qudted price series by the 
appropriate exchange rates. For example, to convert to US 
dollars 
or 
P$ = (PR)(ERR,$) 
(P£)(ER£,$) 
where the symbols are as previously defined in section 5.2. 
Again, commodity prices expressed in pence were first con-
verted into UK pounds, and the two price series quoted in US 
dollars (the Standard and Poor's '500' Index ahd 
the price of gold) were left as they were. 
The monthly returns (calculated as the change in the 
natural logarithm of the price) were calculated for each 
security, mean monthly returns for each sec~rity for each 
of the same three sub-periods were found, as were the 5x5 
covariance matrix for each sub-period. This data was then 
used as input for the portfolio selection program of 
Affleck-Graves (1974). 
Tables 5.4, 5.5 and 5.6 show the efficient portfolios 
at various widely differing risk levels as viewed by a US 
investor in periods 1, 2 and 3 respectively. Tables 5.7, 
5.8 and 5.9 show the efficient portfolios for a UK investor 
in each of the periods 1, 2 and 3. Each of the given port-
folios constitutes a widely differing risk level. 
I 
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high ri.sk medium risk low risk lowest risk 
SA shares 0,9970 0,6648 0,1579 0,0801 
us shares - - - 0,0964 
UK shares - - 0,0857 0,0393 
metals 0,0030 0,3352 0,7288 0,4496 








5,000 3,5000 2,000 1 '58 7 
0,682 0,640 0,548 0 '311 
Proportion of funds invested in securities at 
various levels of risk (US$- period 1) 
SA shares ~ JSE Al.l Share Index 
metals, soft commodities ~ 1 IPI-type index each 
high risk medium risk low risk lowest risk 
- - - -
- 0,0496 0,1540 0,2568 
- - 0,0222 0,0477 
0,1252 0,2505 0,3404 0,3105 
soft commods. 0,8748 0,6999 0,4834 0,3850 
ap 4,500 4,000 3,500 3,322 
E p 2,056 1 '81 2 1 ,464 1 ' 11 2 
Table· 5.5 Proportion of funds invested in securities at 
various levels of risk (US $ - period 2) 
SA shares = JSE All Share Index 
metals, soft commodities = 1 !PI-type index each 
I 
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high risk medium ri. s k low risk lowest risk 
SA shares - - - 0,0672 
us shares - 0,1233 0,4015 0,4567 
UK shares 0,0153 0,1702 0,0721 -
metals 0,9847 0,7065 0,4819 0,0679 








5,000 4,000 3,000 2,392 
1 , 68 5 1 , 516 1 '186 0,659 
Propdrtion of funds invested in securities at 
various levels of risk (US $ - period 3) 
SA shares ~ JSE All Share Index 
metals, soft commodities ~ 1 !PI-type index each 
high risk medium risk low risk lowest risk 
0,8644 0,5998 0,2531 0,0479 
- - - 0,0311 
- - 0,0935 0,2316 
0,1356 0,4002 0,6534 0,2955 
soft ·commods. - - - 0,3940 
a 5,000 4,000 3,000 2,323 p 
E p 0,918 0,885 0,827 0,526 
Table 5.7 Proportion of funds invested in securities at 
various risk levels (UK£- period 1) 
SA shares ~ JSE "All Share Index 




high risk. medium risk low risk lowest 
SA shares - ·- - -
us shares - - - -
UK shares - - 0,0485 0,0927 
metals 0,1541 0,2302 0,2619 
soft commods. 1,0000 0,8459 0,7213 0,6454 
ap 5,000 4,500 4,000 3,790 
E p 2,190 2,035 1 '816 1 , 6 53 
Table 5.8 Proportion of funds invested in securities at 
various risk levels (UK £ - period 2) 
SA shares = JSE All Share Index 
risk 
metals and soft commodities = 1 IPI.-type index each 
high risk medium risk low risk lowest 
SA shares - - 0,0048 0,0885 
us shares - 0,0048 0,2399 0,1933 
UK shares 0,0186 0,2684 0,1978 0,1197 
metals 0,9814 0,7268 0,5059 0,1090 
soft tommds. - - 0,0516 0,4895 
ap 4,500 3,750 3,000 2,475 
E p 1 , 7 7 7 1 , 71 3 1 '40 0 0,893 
Table 5.9 Proportion of funds invested in securities at 
various risk levels (UK £ - period 3) 
SA shares = JSE All Share Index 
risk 
metals and soft commodities = 1 IPI-type index each 
• 
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To compare the efficient portfolios of the three in-
vestors (i.e. South African, US and UK investors) the lowest 
risk portfolio for each investor for each period will be con-
sidered. It is in this region that the most diversification 
occurs, and thus the most differences will be found. 
From the tables it will be noticed that in general in 
all periods each investor should have held a greater propor-
tion of his own domestic shares than any of the other inves-
tors should have held in that share. This is because the 
prices (in local currency) are not subject to variations in 
the exchange rate and thus we was not faced with any exchange 
rate risk. The only exception occurred when US investors 
held-more South African shares that did the South African in-
vestors in period 1. However, in this case the difference 
was slight (8,01% as opposed to 7,75%). 
The metals and soft commodities together always made up 
a large proportion of any investor•s portfolio. This pro-
portion ranged between 45,22% for South African investors in 
period 3 to 90,73% for UK investors in period 2. 
In period 1 US and South African investors had very 
similar portfolios. UK investors should have held a smaller 
proportion of South African and US shares, but a much larger 
proportion of UK shares (23,16% as opposed to less than the 
4% of the US investor). A far smaller proportion of metals 
were held by UK investors (29,55% as opposed to 44,96% by US 
investors and 46,17% by South African investors), whereas 
• 
5.24 
the soft commodities formed a larger part of their portfolio 
(39,40% compared to about 33% for South African and US 
investors). 
In period 2 the South African investor appeared to be 
more diversified at the lowest risk level, investing in all 
five security groups, whereas the US and UK investor invested 
in only four and three groups respectively. The foreign 
investors both held no South African shares. The UK in-
vestors also held no US shares although these formed major 
portions of US and South African investor•s portfolios. UK 
shares were held in small quantities by all investors, al-
though the UK investor favoured these more than his South 
African or US counterparts. 
In period 3 the UK investor was much more diversified, 
investing in all five security groups. US investors and 
South African investors invested in only four and three of 
the groups respectively. The UK investor invested a fairly 
substantial portion of his portfolio in his domestic shares, 
whereas the US or South African investor did not. All chose 
US shares for their portfolios -the US investor invested as 
much as 45,67% of his funds on his domestic share market 
whereas the proportions for the South Afr1can and UK investors 
were substantially less - 29,28% and 19,33% respectively. 
South African shares were held predominantly by South African 
investors (25,50%) whereas the proportions for overseas in-
vestors were 8,85% (UK investors) and 6,72% (US investors). 
-
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Thus South African shares didnot appear to be very 
attractive to overseas investors at all. In period 2 the US 
and UK portfolios did not include any South African shares and 
in period 3 very small amounts were included and then at the 
lowest risk levels only. One question which this study 
therefore raises is whether in fact there is any benefit at 
all to US or UK investors in holding South African shares. 
This is beyond the scope of this thesis which aims only 
at addressing the problem from the South African investor•s 
point of view. However, the South African authorities should 
note that although the percentages of South African shares 
included by UK and US investors are small, the size of those 
markets would still probably result in a significant inflow 
to South Africa even at these low percentages. 
5.5 Summary and conclusions 
In this chapter some empirical portfolio selection 
results based on recent data from the Johannesburg Stock Ex-
change and other international stock and commodity markets 
were presented. 
The basic assumption on which the theory rests is that 
an investor chooses a portfolio solely on the basis of the 
return he expects to derive from holding that portfolio and 
the risk associated in holding it. In addition, it is 
assumed that any investor prefers more return to less, and 
I 
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at the same time desires as low a risk as possible. For any 
investor who does not conform to the above assumption the 
model presented is useless. 
From this basic assumption the Markowitz portfolio 
selection model was derived. This model was empirically 
tested over the same three non-overlapping periods for the 
situation where the investor is buying securities in South 
African rands, US dollars or UK pounds. These three situations 
represent the strategy that might be followed by a South 
African investor, a US investor and a UK investor respectively. 
The main conclusion reached from this initial empirical 
study is that it would have been beneficial for a South 
African investor to have divested a large proportion of his 
funds in securities outside of the South African share market 
during the period February 1965 to January 1980 if exchange 
control regulations had not existed over that period. These 
proportions differed over the three non-overlapping sub-periods 
considered, and also from one risk level to another. A 
further conclusion is that the exchange rate between the 
three currencies (South African rands, US dollars and UK 
pounds) has a distinct bearing on which securities, and in 
what proportions, each investor will choose to invest his 
funds in. 
In the next chapter a closer look is taken at the 
individual securities within the five groups defined in this 
chapter. 
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C H A P T E R 6 
EFFICIENT INTERNATIONAL PORTFOLIOS FOR 
THE SOUTH AFRICAN INVESTOR - AN 
EX POST ANNUAL STUDY 
6.1 Introduction 
Under the existing exchange control regulations the only 
equity investments that a local investor may purchase are 
shares quoted on the Johannesburg Stock Exchange. Kruger 
Rands may also be purchased, but they have been ignored as 
investment media in this study since gold shares provide very 
similar performance to that shown by Kruger Rands. In fact, 
according to Bradfield (1983), gold shares have proved superior 
investments to Kruger Rands over recent years. 
In the absence of exchange control the South African 
would be faced with a much expanded universe of securities 
from which to choose, as he would then be able to include 
foreign securities or even commodities in his portfolio. He 
could then possibly earn higher returns from fast-growing 
economies and firms. In addition the investor could strive 
for exchange rate gains as well. 
In addition to these potential gains Solnik (1974) has 
also claimed that substantial advantages in risk reduction 
can be attained through portfolio diversification in foreign 
securities. He explains that 
6.2 
movement~ in ~tock p~ice~ ~n di66e~ent 
c~unt~ie~ a~e almo~t un~elated Change~ in 
p~ice on the Pa~i~ Bou~~e appea~ independent 
o6 ~tock p~ice 6luctuation~ on the London ex-
change, and ~o on. When ~eeu~itie~ o6 one 
count~y (~ay the US) a~e doing wo~~e than ex-
pected, anothe~ ma~ket i~ likely to be doing 
bette~, hence o66~etting the lo~~e~. Simply 
by inve~ting in ~tock~ o6 di66e~ent count~ie~, 
the ~i~k i~ d~a~tically ~educed." 
Solnick•s results indicate that an internationally well-
diversified portfolio would be one-tenth as risky as a typical 
security and half as risky as a well-diversified portfolio of 
US stocks with the same number of holdings. 
Thus it is desirable to construct two efficient fron-
tiers, the first representing purely South African securities, 
and the second an expanded set including both international 
securities and commodities as well as the South African 
securities. This has been done for several recent time 
periods. 
In the following sections these frontiers are calculated 
and they are graphically displayed and compared. In addition, 
the composition of the efficient portfolios, and in particular 
the optimal combination of risk~ seturities are examined 
from a South African investor•s point of view. 
6.3 
6.2 The Potential Benefits of a Relaxation in Exchange 
Control - An Empirical Study 
This study was conducted over 18 periods of one year 
each from February 1965 to January 1983. Each period thus 
ran from February of one year to January of the following 
year. These divisions were chosen to accommodate the data 
available, and provide equal, non-overlapping periods. For 
the remainder of this thesis each period will be referred to 
by the year in which the period began. For example, the 
first period (February 1965 to January 1966) will be referred 
to as 1965, and so on. Month-end data (in South African 
rands) for all 25 securities under consideration for the 
entire period (216 months) was available. 
Returns for each security in each month, the mean 
monthly returns per annum for each security and the 25x25 
covariance matrix for each year were calculated according to 
the methodology discussed in section 5.2. 
The aim of this study was three-fold : firstly, to 
compare the range and domain of the efficient frontiers of 
a portfolio of purely South African securities with those of 
a portfolio of international securities; secondly, to deter-
mine the composition of portfolios on the efficient frontiers 
of both groups at varying levels of risk; and thirdly, to 
determine the compositiori of the optimal combination of risky 
securities as defined by the Separation Theorem. 
6.4 
6.2.1 Comparison of the Unconstrained Efficient Frontiers 
for the years 1965 to 1982 
Initially the efficient frontiers selected entirely from 
the 7 South African securities were established for each of 
the 18 annual periods employing the portfolio selection 
algorithm of Sharpe (1970). Then the efficient frontiers 
resulting from the expanded set of international securities 
(that is, all 25 securities) were created for each year using 
the same portfolio selection algorithm. These frontiers are 
all unconstrained in the sense that no individual sector or 
security was assigned a maximum in terms of the proportion of 
the total funds which could be invested in that sector or 
security. The South African and international efficient 
frontiers for the years 1965 to 1982 appear in Figures 6.1 to 
6.18 respectively. It should be noted that the portfolio 
returns and risks are expressed in units of average monthly 
percentages. 
The most notable features which emerge from Figures 6.1 to 
6.18 are: 
(a) The international efficient portfolios always dominated 
the South African efficient portfolios. That is, for a 
given risk level the international efficient portfolios 
always offered a larger return, or for a given 
return they had a smaller risk than the purely South 
African portfolios. This, of course, is to be expected 
because the expanded set also includes all the South 















Figure 6.1 The efficient frontiers for international and 
South African investment - 1965 




SA investment only 
8 10 12 14 

















Figure 6.2 The efficient frontiers for international and 
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Figure 6.3 The efficient frontiers for international and 
South African investment - 1967 
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figure 6.4 The efficient frontiers for international and 
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Figure 6.5 The efficient frontiers for international and 
South African investment - 1969 
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Figure 6.6 The efficient frontiers for international and 






SA investment only 
4 6 8 10 12 14 


















6 . 11 
Figure 6.7 The efficient frontiers for international and 
South African investment - 1971 
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Figure 6.8 The efficient frontiers for international and 
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Figure 6.9 The efficient frontiers for international and 
South African investment - 1973 
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Figure 6.10 The efficient frontiers for international and 
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Figure 6.11 The efficient frontiers for international and 
South African investment - 1975 
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Figure 6.12 -The efficient frontiers for international and 
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Figure 6.13 The efficient frontiers for international and 
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Figure 6.14 The efficient frontiers for international and 
South African investment - 1978 
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Figure 6.15 The efficient frontiers for international and 
South African investment - 1979 
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Figure 6.16 The efficient frontiers for international and 
South African investment - 1980 
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Figure 6.17 The efficient frontiers for international and 
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Figure 6.18 The efficient frontiers for international and 
South African investment - 1982 
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that in years 1966, 1968, 1977 and 1982 one of the South 
African securities offered the greatest return and hence 
in these 4 years the South African and international 
efficient frontiers coincided at the highest risk/return 
portion of the frontiers since this security would have 
been included in both efficient frontiers. The two 
efficient frontiers diverged at lower risk/return levels 
in these cases, however. This result indicates that a 
South African investor could have increased or, at 
least equalled his return for any given risk level if 
he were permitted to invest his funds at risk in foreign 
securities or commodities. 
(b) Large differences in the range of returns of the effi-
cient portfolios existed in the individual years. For 
the purely South African efficient portfolios the range 
of average monthly returns amounted to 0,6% in 1970 
while the range of average monthly returns was as large 
as 7,7% in 1973. For the international efficient port-
folios the range of average monthly returns was as low 
as 2,7% in 1977 and was largest in 1979 at 11 ,6%. 
This was due to the respective bear and bull phases 
during these periods on the South African and inter-
• national markets. 
• 
(c) Large differences in the magnitude of the average 
monthly returns existed during the various periods. 
For a portfolio of South African securities average 









whereas the highest average monthly return attainable 
in 1974 was only 0,45%. For a portfolio of interna-
tional securities average monthly returns of 13,9% were 
attainable during 1979 whereas the highest average 
monthly return available during 1977 was only 3,12%. 
(d) There existed large differences in both the range and 
the magnitude of the average monthly risks in various 
periods. The following table indicates the maximum and 
minimum range of the average monthly risks, and the year 
in which they occurred. 
South African 
minimum range of 
average monthly 
risks 
portfolio 1,09% (1970) 
International 
portfolio 4,33% (1970) 
maximum range of 
average monthly 
risks 
9 '09% ( 197 4) 
22,85% (1979) 
The following table shows the maximum and minimum values 
of the greatest average monthly risk attainable in any 

























(e) The slope of both the South African and international 
efficient frontiers over particular risk ranges was 
sometimes very different from one year to another. For 
example, in 1967, a 50% increase in risk borne from a 
portfolio of only South African securities from 4% per 
month to 6% per month achieved a 3,08% increase in 
return (from 2,27% per month to 2,34% per month) while 
the same 50% increase in risk borne .in 1968 produced a 
38,44% increase in return (from 4,50% per month to 6,23% 
per month). This was much the same in the case of the 
international portfolios, where the range in increases 
of monthly returns (when the risk borne was increased 50% 
from 4% to 6% per month) was from 3,7% per month in 1977 
(monthly return increased from 2,96% per month to 3,07% 
per month) to 36,04% per month in 1965 (monthly return 
increased from 3,08% per month to 4,19% per month). This 
illustrates the importance of the slope at different risk 
levels which is the crucial factor in deciding whether 
bearing additional risk is worthwhile in terms of an 
investor•s risk/return expectations. 
6. 2. 2 The Composition of the Unconstrained Efficient 
Frontiers 
In section 4~4 it was shown that the objective function 








minimise -:\E + v for a 11 possible A > 0 p . p 
where E = expected return on the portfolio p 
and vP = variance of the return on the por.tfol io 
This objective function is linear in the Ep, a~ plane with 
slope A and the mini~um point occurs where the line -AEP + VP 
is tangent to the efficient fronti~r. The entire efficient 
frontier can thus be created by varying A from 0 to oo, 
Thus the parameter A indicates the level of risk associated 
with a particular portfolio • 
If A = 0, the linear objective function reduces to 
minimise vp 
and this gives rise to the least risky portfolio. 
If A= 1 the linear objective function is 
minimise -Ep + Vp 
and this situation corresponds to one in which the investor 
weighs expected return and risk equally. If A = oo the 
linear Qbjective function becomes 
minimise -oo(E ) + V p . p 
and it is clear that this is minimised when the expected 
return offered is greatest • 
The parameter A is commonly known as the 'coefficient 
of risk aversion'. 
Tables 6.1 to 6.7 show the percentage composition of 
the uncQnstrained efficient portfolios in each of the years 
• • -- --.. • 
YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 
Ep 0,00 0,00 0,00 0,00 -0,03 -0,01 0,54 1,90 1,46 -1,76 1,26 0,40 0,46 1,11 2,33 0,34 
ap 0,00 0,00 0,00 0,00 0,07 0,32 2,16 0,44 1,05 1,36 0,91 1,50 0,30 1,23 0,53 0,89 
Security 
JSE Coal - - 4,6 9,2 - - 25,7 - - 9,2 - 12,4 - - - -
JSE Diamonds - - - 10,1 - - - - - - - - - - 10,2 -
JSE All Gold - 2,3 - - 4,9 - 13,5 14,2 2,7 - - 2,7 - - - -
JSE Mets & Mins - 2,6 - - 2,5 - - 2,5 2,6 - - - 6,7 - - -
JSE Min Fin - 2,1 - - - - - - - - - 13,1 - - - -
JSE Financial - 0,7 0,4 - - - - 10,8 - 4,0 - 0,8 - - 19,8 19,2 
JSE Industrial - - - 11,4 - - - - - - 38,7 - - - 17,7 -
s & p - 2,8 2,5 7,7 - - - 11,3 - 8,0 - 40,8 27,0 36,5 - 5,1 
UK Act Index - - 11,6 - - - - - - - 2,5 - 16,8 - - -
Lead - - 17,4 - - 7 ,8 - - - - - - - - 7,4 5,2 
Tin - - - 3,3 - - - - 10,4 - - - - - - -
Zinc - - - - - 4,2 - - 7,0 - 0,7 - - - - -
Silver - 7,4 - 1,2 5,7 - - 1,2 - - - - - 6,8 - -
Alumini urn - - - - 20,7 63,6 - 13,0 - - - 12,5 - - 20,9 -
Antimony - - - - 2,7 0,2 - - 12,0 - - 14,7 - - - 17,7 
Copper 5,7 - - - - - 0,7 - - - 18,6 - - - 0,4 9,2 
Nickel - 5,7 3,7 - - 11,9 - - - - - - 22,7 - 12,1 3,7 
Platinum (OP) - - - 28,6 - 2,0 32,9 - 49,4 20,4 - - 3,9 9,4 - -
Platinun (FP) 3,9 - - - - - 10,5 2,3 - - - - - - - -
Goid 61,7 73,8 29,0 4,5 10,8 - 26,2 - - - - - - - - 0,2 
Wool 17,4 - - 20,8 15,0 3,3 - 12,0 6,6 55,7 - 13,9 - 30,6 - -
Cotton - - 1,6 - 7,4 - - 7,0 - 1,1 3,9 1,2 - 5,0 - -
Sugar - - - - - - - - - 0,9 2,7 0,3 - - - -
Wheat 9,3 2,6 24,0 - 21,1 1,8 5,7 - 9,3 3,6 9,8 - 3,9 11,7 2,6 39,7 
Maize 2,0 - 5,2 12,4 - 5,2 10,5 - - 6,3 13,9 - 6,6 - 8,9 -
No of 
sec uri ties 6 9 10 9 10 9 7 10 8 8 9 9 8 6 9 8 
in portfolio 
I 
Table 6.1 The percentage composition of the unconstrained efficient portfolios 
for 1965 to 1982 (A = 0,00) 
1981 1982 
z 
-1,56 -0,30 < w 
1,03 0,70 
::£ 
- - 3,39 
6,5 11,7 2,14 
- - 2,24 
- - 0,94 
- - 0,84 
1,4 - 3,17 
- - 3,77 
- 11,5 8,51 
1,6 4,1 2,03 
- - 2,10 
- - 0,76 
- - 0,66 
10,0 0,9 1,84 
- - 7,26 
38,6 - 4,77 
- - 1,92 
- - 3,32 
- - 8,15 
- - 0,93 
18,7 - 12,49 
5,8 39,3 12,24 
16,8 - 2,44 
0,6 10,8 0,85 
- 13,2 8,79 
- 8,5 4,42 
9 8 
• 
:z co ""' .... <t- w (!) O< z :z .... 







































































JSE All Gold 
JSE Mets & Mi ns 
JSE Min Fin 
JSE Financial 
JSE Industrial 
s & p 


















sec uri ties 
in portfolio 
Table 6.2 
• • • 
1965 1966 1967 f968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
1,62 2,18 2,25 3,89 1,89 1,79 2,67 5,25 6,25 1,74 2,81 1,89 2,44 2,94 4,41 1,69 1,70 
1,84 1,93 1,71 2,11 1,46 1,85 3,12 2,22 3,01 2,79 1,67 2,49 1,55 2,09 1,96 1,60 2,18 
- - - - 15,2 - - - - - 15,9 15,9 - - - 16,0 -
10,1 26,4 - 36,4 - - - 5,6 - - - - 17,7 13,4 - - -
- - - - - 1,9 6,6 - 35,6 - - - - - - - -
6,0 24,4 - - - - - 29,9 - - - - - - - - -
- - - - - - - - - - - - - - 13,6 0,3 -
- 1,6 47,9 22,1 - - - 19,0 - - - - - - - - 24,6 
- - - - - - - - - - 26,6 - - - 26,1 - -
- - 10,3 - - - - - - 14,1 - 3,3 - 27,9 - 18,2 -
- - 12,5 - - - 13,6 - - - 11,4 - 16,0 - - 11,5 -
- - - 10,4 25,8 - - - - - - - - - - - -
0,3 - - - - - - - - - - 14,9 3,6 - - - -
- - - - 1,9 - 21,4 - 25,7 - - - - 6,0 - - 0,7 
- - 22,0 - 2,2 - - - - - - - - - - - -
- - - - - - - - - - - 2,0 7,6 - - - -
- - - - 10,3 - - - 17,6 - - 23,7 - - - 21,0 -
17,2 - - - 19,7 - 0,2 - - - 2,4 - - 8,0 0,9 - -
- 47,6 - - - - - - - 40,7 - - - - 21,3 - -
- - - 18,9 - - - - - 36,9 - - - 44,7 - - 32,9 
20,0 - 7,2 2,9 - - - 5,2 - - - - - - - - -
- - - - - 9,6 52,2 - - - - 23,0 36,2 - 1,9 - 4,5 
30,1 - - - - - - 40,3 - - - 17,2 - - - - 37,3 
- - - - - - 6,0 - 20,8 - 19,2 - - - - - -
- - - 9,3 13,3 39,8 - - - 1,2 - - - - 18,2 - -
16,3 - - - - 20,0 - - 0,3 7,1 - - - - - 33,0 -
- - - - 11,6 28,7 - - - - 24,5 - 18,9 - 18,0 - -
7 4 5 6 8 5 6 5 5 5 6 7 6 5 7 6 5 
The percentage composition of the unconstrained efficient portfolios 




































































































• • • • 
YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
Ep 2,63 2,74 2,58 5,38 2,26 2,42 3,39 5,64 7,40 2,34 3,32 2,49 2,72 3,56 5,42 1,91 2,25 
(Jp 3,32 2,81 2,29 3,95 2,20 2,84 3,89 2,79 4,14 3,51 2,56 3,24 2,03 3,01 3,38 2,05 2,96 
Security 
JSE Coal - - - - 15,5 - - - - - 4,2 17,3 - 16,9 - 21,3 -
JSE Diamonds 8,6 33,4 - 54,8 - - - - - - - - 28,0 12,8 - - -
JSE All Gold - - - - - - 3,1 - 46,3 - - - - - - - -
JSE Mets & Mins 19,9 36,8 - - - - - 33,5 - - - - - - - - -
JSE Min Fin 
JSE Financial 
JSE Industrial 
s & p 



















i n port fo 1 i o 
Table 6.3 
- - - - - - - - - - - - - - 22,2 - -
- - 58,8 34,4 - - - 18,2 - - - - - - - - 21,3 
- - - - - - - - - - 15,3 - - - 3,9 - -
- - - - - - - - - - - - - 6,9 - 17,2 -
- - 8,9 - - - 31,9 - - 1,0 17,1 - 29,0 - - 13,3 -
- - - - 31,9 - - - - - - - - - - - -
- - - - - - - - - - - 34,3 2,2 - - - 15,9 
- - - - - - 26,6 - 35,2 - - - - - - - 13,1 
- - 32,1 - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
- - - - 14,9 - - - - - - 25,2 - - - 23,5 -
25,8 - - - 21,9 - - - - - - - - 10,7 0,8 - -
- 29,8 - - - - - - - 43,8 - - - - 26,4 - -
- - - 1,0 - - - - - 44,4 - - - 52,7 - - 43,1 
30,2 - - - - - - - - - - - 24,8 - - - -
- - - - - - 24,8 - - - - 13,0 16,0 - 6,5 - -
13,2 - - - - - - 48,3 - - - 10,2 - - - - 6,6 
- - - - - - 13,6 - 18,5 - 19,9 - - - - - -
- - 0,1 9,8 14,3 61,9 - - - 3,3 - - - - 32,8 0,1 -
2,3 - - - - - - - - 7,5 - - - - - 24,6 -
- - - - 1,5 38,1 - - - - 23,5 - - - 7,4 - -
6 3 4 4 6 2 5 3 3 5 5 5 5 5 7 6 5 
The percentage composition of the unconstrained efficient portfolios 
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• • • • 
YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
Ep 4,16 3,65 2,83 5,93 3,08 3,01 4,32 6,29 7,91 3,19 4,23 3,40 2,81 3,92 7,04 2,63 2,98 
ap 5,94 4,58 3,02 4,92 4,38 4,27 5,35 4,37 5,10 5,19 4,55 4,93 2,34 3,72 6,27 4,10 4,58 
Security 
JSE Coal - - - - - - - - - - 37,9 10,9 - 38,7 - 38,4 -
JSE Diamonds - 40,3 - 51,0 - - - - - - - - 34,5 1,2 - - -
JSE All Gold - - - - - - - - 55,3 - - - - - - - -
JSE Mets & Mins 23,0 59,7 - - - - - 19,8 - - - - - - - - -
JSE Min Fin 
JSE Financial 
JSE Industrial 
s & p 


















sec uri ties 
in portfolio 
Table 6.4 
- - - - - - - - - - - - - - 8,9 - -
- - 56,5 49,0 - - - 9,7 - - - - - - - - -
- - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - 13,8 -
- - - - - - 55,2 - - - 34,6 - 31,5 - - 11,4 -
- - - - 34,3 - - - - - - 7,0 - - - - -
- - - - - - - - - - - 66,3 - - - - 42,6 
- - - - - - 16,4 - 42,6 - - - - - - - 34,5 
- - 43,5 - - - - - - - - - - - 13,9 - -
- - - - - - - - - 13,5 - - - - - - -
- - - - 30,2 - - - - - - 15,8 - - - 31,2 -
57,8 - - - 25,2 - - - - - - - - - - - -
- - - - - - - - - 30,3 - - - - 22,1 - -
- - - - - - - - - 37,8 - - - 57,1 - - 22,9 
19,2 - - - - - - - - - - - 34,0 3,0 - - -
- - - - - - - - - - - - - - 1,0 - -
- - - - - - - 70,5 - - - - - - - - -
- - - - - - 28,4 - 2,1 - 12,1 - - - - - -
- - - - 10,3 93,2 - - - 15,8 - - - - 54,1 5,2 -
- - - - - - - - - 2,6 - - - - - - -
- - - - - 6,8 - - - - 15,4 - - - - - -
3 2 2 2 4 2 3 3 3 5 4 4 3 4 5 . 5 3 
The percentage composition of the unconstrained efficient portfolios 
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·---..-------------- --·· --· • • 
YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 V> :z "" oo <I-ex:- .... UJ:Z :z <I- >-W 
< Oc<; <!I V> Ep 5,35 3,78 3,07 6,20 4,22 3,13 4,72 7,14 8,00 4,48 4,89 3,84 2;8s 4,02 9,14 3,07 3,26 3,99 .... :z- :z I.J..t.J ::;: .<> < 00:: ,_..., "" "p 8,68 5,08 4,24 5,86 7,84 4,65 6,48 6,99 . 5,36 8,66 6,62 6,26 2,63 4,20 10,80 5,55 5,43 7,08 V'>O 00.. :z 
Security 
JSE Coal - - - - - - - - - - 41,8 - - 41,7 - 57,1 - - 7,81 18,23 57,1 3 
JSE Diamonds - 26,3 - 29,2 - - - - - - - - 42,6 - - - - - 5,45 12,89 42,6 3 
JSE All Gold - - - - - - - - 54,6 - - - - - - - - 38,9 5,19 15,36 54,6 2 
JSE Mets & Mi ns - 73,7 - - - - - - - - - - - - - - - - 4,09 17,37 73,7 1 
JSE Min Ff n - - - - - - - - - - - - - - - - - - 0,00 0,00 0,0 0 
JSE Financial - - 39,4 70,8 - - - - - - - - - - - - - - 6,12 18,61 70,8 2 
JSE Industrial - - - - - - - - - - - - - - - - - - 0,00 0,00 0,0 0 
s & p - - - - - - - - - - - - - - - - - 42,4 2,36 9,99 42~4 1 
UK Act Index - - - - - - 56,4 - - - 58,2 - 25,5 - - - - - 7,78 18,99 58,2 3 
Lead - - - - 27,0 - - - - - - 20,8 - - - - - - 2,66 7,80 27 .o 2 en 
Tin - - - - - - - - - - - 79,2 - - - - 60,6 - 7,77 22,83 79,2 2 w 
Zinc - - - - - - - - 45,4 - - - - - - - 39,4 - 4,71 13,75 45,4 2 
Silver - - 60,6 - - - - - - - - - - - 34,3 - - 18,7 6,31 16,24 60,6 3 
Allrni ni urn - - - - - - - - - 31,7 - - - - - - - - 1,76 7,47 31,7 1 
Antimony - - - - 54,2 - - - - - - - - - - 33,5 - - 4,87 14,62 54,2 2 
Copper 100,0 - - - 18,8 - - - - - - - - - - - - - 6,60 23,73 100,0 2 
Nickel - - - - - - - - - 11,4 - - - - 2,8 - - - 0,79 2,73 11,4 2 
Platinum (OP) - - - - - - - - - 20,2 - - - 44,7 - - - - 3,61 11,30 . 44,7 2 
Platin1.111 (FP) - - - - - - - - - - - - 31,9 13,6 - - - - 2,53 8,00 31,9 2 
Gold - - - - - - - - - - - - - - - - - - 0,00 0,00 0,0 0 
Wool - - - - - - - 100,0 - - - - - - - - - - 5,56 23,57 100,0 1 
Cotton - - - - - - 43,6 - - - - - - - - - - - 2,42 10,28 43,6 1 
Sugar - - - - - 100,0 - - - 36,7 - - - - 62,9 9,4 - - 11,61 27,62 100,0 4 
Wheat - - - - - - - - - - - - - - - - - - 0,00 0,00 0,0 0 
Maize - - - - - - - - - - - -· - - - - - - 0,00 0,00 0,0 0 
No of 
securities 1 2 2 2 3 1 2 1 2 4 2 2 . 3 3 3 3 2 3 
in portfolio 
Table 6.5 The percentage composition of the unconstrained efficient portfolios 
for 1965 to 1982 (A = 0,50) · 
• --------.-------------------------------------- .-------· 
YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
Ep 5,35 4,02 3,54 6,56 6,09 3,13 5,03 7,14 8,06 6,17 5,12 4,03 2,93 4,22 12,08 3,09 3,34 5,10 
(1p 8,68 6,60 7,29 7,66 14,15 4,65 8,07 6,99 5,73 13,91 7,82 7,31 3,56 5,73 18,31 5,67 5,92 11,43 
Security 
JSE Coal - - - - - - - - - - 27,7 - - 45,9 - 55,8 - -
JSE Diamonds - - - - - - - - - - - - 58,9 - - - - -
JSE All Gold - - - - - - - - 50,7 - - - - - - - - 68,5 
JSE Mets & Mi ns - 100,0 - - - - - - - - - - - - - - - -
JSE Min Fin - - - - - . - - . - - - - - - - - -
JSE Financial - - 5,1 100,0 - - - - - - - - - - - - - -
JSE Industrial - - - - - - - - - - - - - - - - - -
s & p - - - - - - - - - - - - - - - - - -
UK Act Index - - - - - - 32,0 - - - 72,3 - 13,6 - - - - -
Lead - - - - - - - - - - - 43,2 - - - - - -
Tin - - - - - - - - - - - 56,8 - - - - 77,8 -
Zinc - - - - - - - - 49,3 - - - - - - - 22,2 -
Silver - - 94,9 - - - - - - - - - - - 74,4 - - 31,5 
Al umi ni urn - - - - - - - - - 27,3 - - - - - - - -
Antimony - - - - 96,8 - - - - 7,6 - - - - - 37 .o - -











sec uri ties 
in portfolio 
Table 6.6 
- - - - - - - - - - - - - -· - - -
- - - - - - - - - - - - - 19,3 - - -
- - - - - - - - - - - - 27,5 34,8 - - -
- - - - - - - - - - - - - - - - -
- - - - - - - 100,0 - - - - - - - - -
- - - - - 68,0 - - - - - - - - - - -
- - - - - 100,0 - - - 65,1 - - - - 25,6 7,2 -
- - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
1 1 2 1 2 1 2 1 2 3 2 2 3 3 2 3 
-------------
The percentage composition of the unconstrained efficient portfolios 
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Table 6. 7 
-----· ··---·-··--- -· -··- ---- ---··-
1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
5,35 4,02 3,61 6,56 6,23 3,13 5,44 7,14 8,74 7,20 5,57 4,51 3,12 4,72 13,90 3,28 3,44 5,19 
8,68 6,60 7,78 7,66 14,65 4,65 10,93 6,99 17,74 19,00 11,34 11,50 6,90 11,73 23,38 11,27 6,91 12,28 
- - - - - - - - - - - - - - - - -
- - - - - - - - - - - - 100,0 - - - -
- - - - - - - - - - - - - - - - -
- 100,0 - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
- - - 100,0 - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
- - - - - - - - - - 100,0 - - - - - -
- - - - - - - - - - - 100,0 - - - - -
- - - - - - - - - - - - - - - - 100,0 
- - - - - - - - 100,0 - - - - - - - -
- - 100,0 - - - - - ~ - - - - - 100,0 - -
- - - - - - - - - - - - - - - - -
- - - - 100,0 - - - - - - - - - - 100,0 -
100,0 - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - 100;0 - - -
- - - - - - - - - - - - - - - - -
- - - - - - - 100,0 - - - - - - - - -
- - - - - - 100,0 - - - - - - - - - -
- - - - - 100,0 - - - 100,0 - - - - - - -
- - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - -
1 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 1 
The percentage composition of the unconstrained efficient portfolios 




































































































































1965 to 1982. Each table displays the position at a different 
risk level, indicated by a different value of ~. The import-
ant features of these tables are laid out below. 
1. There appeared to be no dominance by any one security 
over any risk level. This is evident from the number of 
years (out of 18) that each security appeared in the 
efficient portfolios. At low risk levels (~ < 0,05) 
all securities appeared in the efficient portfolios in 
at least 2 years out of the 18, with a maximum of 14 
appearances. As the risk increased (that is, as ~ + oo) 
securities appear less and less frequently during the 
1 8 y e a r p e r i o d , u n t i 1 w h e n ~ = · oo e a c h s e c u r i t y a p p e a re d 
in a maximum 2 years out of 18 years. In fact, 10 out 
of the 25 securities did not appear at all. The table 
below shows the average number of years (out of 18) that 
each security is present for various values of ~ . 
average number of 




0' 1 0 3,40 
0,25 2,44 
0,50 1 '64 
1 '0 0 1 '40 
00 0 '7 2 
From an overall point of view each of the 25 securities 








the 18 years at some risk level indicating that there was 
no dominance by any one security over the rest. 
2. The number of securities included in an efficient port-
folio depends to a large extent on the value of A, the 
risk. At low levels of A the number of securities 
present in the efficient portfolios each year is high, 
and as A increases diversification decreas~s. Table 
6.8 below shows the minimum, the maximum and the average 
number of securities contained in the efficient portfolios 
over the 18-year period . 
Number of securities in efficient portfolios 
A Min1mum Max1mum Average 
0,00 6 10 8,44 
0,05 4 . 7 5,83 
0,10 2 7 4,72 
0,25 2 5 3,39 
0,50 1 - 4 2,28 
1,00 1 3 1,94 
00 1 1 1,00 
Table 6.8 The number of securities contained in the 
efficient portfolios 
3. On average over the period 1965 to 1982 a South African 
investor would have invested no more than 12,49% of his 
funds in any one security {gold; at the lowest risk 
level, A= 0). However the average amount invested in 
each security over the 18-year period varies significantly 






another. This is particularly noticeable at high risk 
levels where few securities can offer a return large 
enough to compensate for the risk borne, leaving each 
year's portfolio consisting of a few securities each 
held in fairly large proportions. The table below in-
dicates the average over all 18 years of the maximum 
proportion held in any one security in that year for 
each value of A. 
This shows that at low levels of A there was much di-
versification, with small proportions held in each 
security. As A increased, diversification decreased 
with concommitant larger proportion held in each security 
included in the efficient portfolios . 
Tables 6.9, 6.10, 6.11 and 6.12 show the proportion 
that should have been held by a South African investor at 
various risk levels in each of the four main security grnups; 
South African securities, foreign stocks, metals and soft 
• 
6.37 
A 0,00 0,05 0,10 0,25 0,50 1 ,00 00 
YEAR 
1965 16 '1 28,5 23,0 
1966 7,7 52,4 70,2 100,0 100,0 100,0 100,0 
• 1967 5,0 47,9 58,8 56,6 . 39,4 5' 1 
1968 21 '5 58,5 89,2 100,0 100,0 100,0 100,0 
1969 16,6 15,2 15,5 
1970 1 ,9 
1971 13,5 6,6 3' 1 
1972 . 53,2 54,5 51 ,7 29,5 
• 1973 5,3 35,6 46,3 55,3 54,6 50,7 
1.974 4,0 
1975 37,9 42,5 39,5 37,9 41 ,8 27,7 
1976 16,6 15,9 17,3 10,9 
1977 19' 1 17,7 28,0 34,5 42,6 58,9 100,0 
1978 13,4 29,7 39,9 41,7 45,9 
1979 47,7 39,7 26' 1 8,9 • 1980 19,2 16,3 21 ,3 38,4 57' 1 55,8 
1981 7,9 24,6 21 '3 
1982 11 '7 22,2 22' 1 25,7. 38,9 68,5 100,0 
AVERAGE 15,9 26,7 31 ,6 31 '1 28,7 28,5 22,2 







Table 6.10 Proportions of a South African investor•s funds 
invested in foreign stocks at various risk levels 
• 
6.39 
A 0,00 . 0,05 0 '1 0 0,25 0,50 1 ,00 co 
YEAR 
1965 71,3 37,5 56,0 77,0 100,0 100,0 100,0 
1966 86,9 47,6 29,8 
• 1967 50' 1 29,2 32,1 43,5 60,6 94,9 100,0 
1968 37,6 32,2 1 ,0 
1969 39,9 59,9 68,7 89,7 100,0 100,0 100,0 
1970 89,7 9,6 
1971 70,3 73,8 51,4 16,4 
1972 16,5 5,2 • 1973 78,8 43,3 35,2 42,6 45,4 49,3 100,0 
1974 20,4 77,6 88,2 81,6 63,3 34,9 
1975 19,3 2,4 
1976 27,2 63,6 72,5 89' 1 100,0 100,0 100,0 
1977 26,6 47,4 43,0 34,0 31 ,9 27,5 
1978 16,2 58,7 63,4 60 '1 58',3 54,1 100,0 
• 1979 40,8 24,1 42,7 37,0 37 '1 74,4 100,0 
1980 36,0 21 ,0 23,5 31 ,2 33,5 37,0 100,0 
1981 67,3 38,1 72' 1 100,0 100,0 100,0 100,0 
1982 0,9 0,2 1 '7 10,8 18,7 31 ,5 
AVERAGE 44,2 37,3 37,9 39,6 41,6 44,6 50,0 
• ra b 1 e 6. 11 Proportions of a South African investor's funds 




:\ 0,00 0,05 0 '1 0 0,25 0,50 1 ,00 00 
YEAR 
1965 28,7 46,6 15,5 
1966 2,6 
• 1967 30,8 0' 1 
1968 33,2 9,3 9,8 
1969 43,5 24,9 15,8 10,3 
1970 10,3 88,5 100,0 100,0 100,0 100,0 100,0 
1971 16,2 6,0 13,6 28,4 43,6 68,0 100,0 
1972 19,0 40,3 48,4 70,5 100,0 100,0 100,0 
• 1973 15,9 21 '1 18,5 2 '1 
1974 67,6 8,3 10,8 18,4 36,7 65,1 100,0 
1975 30,3 43,7 43,4 27,5 
1976 15,4 17,2 10,2 
1977 10,5 18,9 
1978 47,3 
1979 11 '5 36,2 40,2 54' 1 62,9 . 25,6 • 1980 39,7 33,0 24,7 5,2 9,4 7,2 
1981 23,2 37,3 6,6 
1982 71 ,8 47,7 31,8 
AVERAGE 26,5 26,6 20,5 17,6 19,6 20,3 22,2 
Table 6.12 Proportions of a South African investor's funds 










commodities respectively. In Table 6.9 it should be noticed 
that, apart from the highest and lowest risk portfolios, the 
South African investor should have invested on average between 
26,7% and 31,6% of his funds in South African securities. At 
the highest and lowest risks possible these proportions are 
somewhat less. These figures serve to indicate that if ex-
change control regulations were abolished the South African 
investor should have divested a large proportion of his funds at 
risk outside of this country. In some years (e.g. 1966, 1968, 
1977 and 1978) the proportion invested in South African 
securities started off low and increased monotonically as the 
risk increased. In other years (e.g. 1971 and 1979) the pro-
portion started off high and decreased monotonically as A 
increased, and in some years (e.g. 1965, 1967, 1972, 1973 and 
1981) the proportion invested started off low, rose to a peak 
and then decreased again as risk increased . 
From Tables 6.10 to 6.12 it will be noticed that on 
average between 5,6% and 11,7% should have been invested in 
foreign stocks; between 37,3% and 50,0% in metals and be-
tween 17,6% and 26,6% in soft commodities. 
A point of interest is that the ranges mentioned above 
contained the actual fraction of the number of securities 
that each security group contributed to the entire 25-
security universe. For example, there are 7 South African 
securities in the 25-security universe. This fraction is 








have been invested by the South African investor in his local 
securities. Table 6.13 below displays this fully: 
security rio. of percentage of range of investment 
group securities total no. proportion calculated 
in group of securities by Markowitz portfolio 
selection 
SA securities 7 28% 26,7% - 31,6% 
foreign stocks 2. 8% 5,6% - 11 '7% 
metals 11 44% 37,3%- 50,0% 
soft commodities 5 20% 17,6% - 26,6% 
Table 6.13 Ranges of investment in each security group as calculated 
by the Markowitz portfolio selection model and actual 
fractions of the number of securities contributed by each 
group to the 25-security universe. 
Thus on average over the 18-year period the South African 
i~vestor should have chosen to invest in each security group 
in roughly the same proportion as each group contributed to 
the total universe of securities. 
6.2.3 The Capital Market Line Approach 
The Separation Theorem introduced in section 4.5 argues 
that the rational investor would divide his funds amongst two 
benchmark investments: 
(i) a risky portfolio (the •market portfolio•) 
and (ii) borrowing or lending at the risk-free rate. 
The market portfolio is the optimal combination of 








finding the point on the effitient frontier which is tangent 
to the line with the risk-free rate as y-intercept. This 
line is commonly known as the Capital Market Line. 
Figures 6.19 to 6.36 show the range of risk and return 
along the Capital Market Lines Rf to A with the introduction 
of borrowing and lending at the risk-free rate for the years 
1965 to 1982 respectively. It should be noted that the risk-
free rate was taken to be the average of the prevailing 
Treasury Bill rates over the respective years, and that these 
rates were divided by 12 in order to be comparable to the 
monthly returns used in the study. The risk-free rates can 
be found in Appendix A. The percentage composition of the 
optimal combination of securities at risk, marked P in 
Figures 6.19 to 6.36, are shown in Table 6.14. The means 
of the proportion of each security taken over all 18 years, 
as well as the standard deviations are also included. The 
impor~ant features of the optimal combination of risky 
securities are: 
(a) The composition of the optimal combination of risky se-
securities differed significantly during each period. 
(b) In each year•s optimal combination of risky securities 
relatively few securities are found to be present. This 
ranges between 4 different securities present in 1981 
and 10 securities present in 1968, 1969 and 1972. 
(c) No individual security was found to be dominant in the 
optimal combination of risky securities during the 18 
years of the study. Every security appeared in at least 





















Figure 6.19 The capital market line for international 
investment - 1965 
A 
2 4 6 8 10 12 14 16 
a 
(% per month) p 
6.45 
. E 
• . P Figure 6.20 The capital market line for international 
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Figure 6.21 The capital market line for international 
investment - 1967 
A 
2 4 6 8 10 12 14 16 


















Figure 6 .. ~2 The capital market line for international 
investment - 1968 
A 



















Figure 6.23 The capital market line for international 
investment - 1969 
A 
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Figure 6.24 The capital market line for international 
investment - 1970 
A 
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Figure 6.25 The capital market line for international 
investment - 1971 
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Figure 6.26 The capital market line for international 
investment - 1972 
A 
2 4 6 8 10 12 14 






















Figure 6. 27 The capital market line for international 
investment - 1973 
2 4 6 8 10 12 14 16 18 





















Figure 6.28 The capital market line for international 
investment - 1974 
16 























Figure 6.29 The capital market line for international 
investment - 1975 
2 4 6 8 10 12 14 16 

















Figure 6. 30 The capital market line for international 
investment - 1976 
A 
2 4 6 8 10 12 14 16 
















Figure 6 .. 31 The capital market line for international 
investment - 1977 
A 
2 4 6 8 10 12 14 













Figure 6. 32 The capital market line for international 
investment - 1978 
A 
2 4 6 8 10 12 14 




























Figure 6. 33 The capital market line for international 
investment - 1979 
A 
2 4 6 8 10 1 2 14 1 6 1 8 20 22 24 






















Figure 6.34 The capital market line for international 
investment - 1980 
A 
2 4 6 8 10 12 14 16 














Figure 6.35 The capital market line for international 
investment - 1981 
A 
2 4 6 10 12 14 



















6 . 61 
Figure 6.36 The capital market line for international 
investment - 1982 
A 
2 4 6 8 10 12 14 
(% per month) 
16 
a p 
• • • • • 
YEAR 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
z: 




crp 2,78 1,42 0,68 0,10 0,25 1,22 3,91 0,49 1,62 4,25 1,21 3,60 0,83 1,87 0,53 1,53 3,30 4,16 
Security 
JSE Coal - 1,35 - - 15,22 - - 21,07 - - 11,52 17,27 16,75 - - 14,31 - - 5,42 
JSE Diamonds 9,18 19,02 - 6,21 - - - 9,12 - - - - 1,98 7,61 10,24 - - - 3. 52 
JSE All Gold - - - - - 1,13 3,03 8,12 18,06 - - - - - - - - 19,14 2,75 
JSE Mets & Mins 14,94 18,19 - - - - - 3,35 - - - - - - - - - - 2,03 
JSE Min Fin - - - - - - - - - - - - 1,61 - - 1,42 - - 0. 17 
JSE Financial - 5,99 19,23 - - - - - 4,74 - - - - - 19,79 - 16,75 4,14 3,92 
JSE Industrial - - - 7,25 - - - 7,93 - - 31,90 - - - 17,72 - - - 3. 60 
s & p - - 12,31 4,78 - - - 17,03 - - - - - 36,32 - 18,25 - 56,14 8,04 
UK Act Index - - 14,68 - - - 32,17 - - - 7,76 - 14,45 -· - 10,49 - - 4,42 
Lead - - 8,19 - 13,31 - - - - - - - - - 7,26 - - - 1 • 60 
Tin - - - 2,12 - - - - 14,27 - - 42,03 - - - - 22,96 - 4,52 
Zinc - - - - - - 26,68 - 12,67 - - - - 7,16 - - 17,86 - 3,58 
Silver - - 7,86 0,79 5,60 - - - - - - - - - - - - 7,12 1 • 19 
AllJllini urn - - - - 46,75 - - 3,49 - 4,93 - - 21,66 - 20,90 - - - 5. 42 
Antimony - - - 36,43 3,26 - - - 25,78 - - 24,95 - - - 20,63 - - 6. 17 
Copper 22,71 - - - 0,52 - - - - - 9,56 - - 6,10 0,43 - - - 2.18 
Nickel - 43,77 - - - - - - - 39,19 - - 17,95 - 12,14 - - - 6,28 
Platinum (OP) - - - 18,13 - 19,81 - - - 40,79 - - - 42,81 - - 42,43 - 9.11 
PlatinlJll (FP) 26,48 - 2,36 - - - - 5,17 - - - - - - - - - - 1,89 
Gol ct - - 20,97 2,93 5,22 9,31 24,34 - - - - 8,52 6,92 - - - - - 4,35 
Wool 19,26 11,68 - 13,54 - - - 16,75 4;90 - - 7,23 - - - - - - 4,08 
Cotton - - - - 1,14 - 13,78 7,97 11,51 - 17,00 - - - - - - - 2,86 
Sugar - - - - 1,09 28,06 - - - 9,13 - - - - - - - - 2,13 
Wheat 7,43 - 14,40 - - 21,58 - - 8,06 5,96 - - - - 2,59 34,90 - - 5,27 
Maize - - - 7,82 7,89 20,11 - - - - 22,26 - 18,69 - 8,94 - - 13,46 5,50 
TOTAL 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 1 00.00 
----
Table 6.14 The percentage composition of the optimal combination of securities at risk, 1965 to 1982, 











































Table 6.15 shows the percentage composition of the opti-
mal combination of securities at risk amongst the four main 
groups, South African securities, foreign stocks, metals 
and soft commodities. Of paramount importance to the local 
investor is the proportion that should have been invested 
in South African securities. This differs significantly from 
year to year, ranging from a minimum of 0% in 1974 to a maxi-
mum of 49,56% in 1972. On average over the 18-year period 
1965 to 1982 the proportion that should have been invested 
in South African securities was 23,42%. There is also a large 
range in the proportion that should have been invested in 
foreign stocks, metals and soft commodities in each year at 
the risk level constituting the optimal combination of risky 
securities. On average, however, these proportions are 
12,47% for foreign stocks, 44,27% for metals and 19,84% for 








proportion proportion proportion proportion 
invested invested invested invested 
in in in in 
South African foreign -. .metals soft 
securities stocks commodities 
1965 24' 12 0,00 49 '19 26,69 
1966 44,55 0,00 43,77 11 ,68 
1967 19,23 26,99 66,37 14,40 
1968 13,46 4,78 60,40 21,36 
1969 15,22 0,00 74,66 10' 12 
1970 1 '13 0,00 29,12 69,75 
1971 3,03 32' 17 51 ,02 13,78 
1972 49,59 17,03 8,66 24,72 
1973 22,80 0,00 52,73 24,47 
1974 0,00 0,00 84,91 15,09 
1975 43,42 7,76 9,56 39,26 
1976 17,27 0,00 75,50 7,23 
1977 20,34 14,45 46,52 18,69 
1978 43,93 36,32 19,75 0,00 
1979 47,75 0,00 40,72 11 ,53 
1980 15,73 28,74 20,63 34,90 
1981 16,75 0,00 83,25 0,00 
1982 23,28 56,14 7 '12 13,46 
AVERAGE 23,42 12,47 44,27 19,84 
Table 6.15 Composition of the optimal combination of ri~ky securitie~ 
amongst the four groups South African securities, foreign 








6.3 Summary and Conclusions 
In this chapter an examination was made of the annual 
Markowitz efficient portfolios for the years 1965 to 1982 • 
The efficient frontiers for both South African and inter-
national investments were plotted and the composition of the 
international efficient portfolios examined with special 
reference to the optimal combination of risky securities. It 
was seen that the composition of the efficient portfolios 
differed widely from year to year and from one risk level to 
another. Furthermore, on average over all 18 years in the 
study, the proportion invested in South African securities was 
always less than 32%, irrespective of the risk level. This 
indicates that the local investor would be better off if he 
could invest a large proportion of his funds at risk outside 
of South Africa~ Over the period 1965 to 1982 it appears 
that on average he should have invested between two-thirds 
and three-quarters of his fun~s at risk in foreign stocks, 
metals and soft commodities although this amount differed 
widely from year to year and from one risk level to 
another. 
In the next chapter an attempt will be made at quanti-
fying the improvement in portfolio performance that a 
local investor could achieve given an abolition of exchange 








However, before concluding this chapter it must be 
pointed out that this study is an ex po~t study. In practice 
of course investors have to act ex ante and one would not 
expect the ex ante efficient frontier perceived by investors 
to in fact be identical to the subsequent ex po~t efficient 
frontier. Thus it is not claimed that a South African 
investor could actually have attained the risk-return com-
binations given above. Nevertheless the results do provide 
some indication based on past experience of what proportion 
of funds the South African investor should invest outside of 
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C H A P T E R 7 
QUANTIFYING THE BENEFITS OF 
INTERNATIONAL DIVERSIFICATION 
7.t Intro~uction 
In Chapter 6 it was shown that the efficient portfolios 
made up from investments chosen from a universe of inter-
national securities always dominated the efficient portfolios 
made up from investments chosen from a universe of South 
African securities. That is, for a given risk level the inter-
national efficient portfolios always offered at least the same, 
and most often a greater return than the South 
African efficient portfolios. This would lead to the local 
investor divestin~ a certain proportion of his funds outside 
of South Africa in the event of a relaxation or abolishment 
of exchange control. An obvious extension to this result is 
the question: what is the cost to the South African investor 
of the current exchange control regulations? Or equivalently: 
how much would local investors gain if these exchange control 
restrictions were removed? In this chapter a number of 
practical ways of comparing the two efficient frontiers in 
each year will be investigated, and an attempt will be made to 







Since there are two relevant criteria involved in 
evaluating portfolio performance, namely return and risk, a 
problem exists in the combination of these two criteria into 
a single meaningful measure of portfolio performance for 
comparison purposes. A number of techniques have been suggested 
in the literature, c.f., for example, Lorie and Hamilton (1973), 
and several of these will be discussed in this chapter. In 
addition some new proce~ures will be proposed. 
When comparing the two non-linear efficient frontiers 
in any period what is required is some measure of the distance 
separating the two curves. For a given risk level this measure 
would obviously be the difference in returns (measured 
in percent per annum) between the two efficient frontiers. 
However it is not obvious at which risk level this difference 
should be measured. Section 2 contains a discussion leading 
to the possible choice of a particular risk level at which to 
measure this difference, and some empirical results from the 
18-year period 1965 to 1982. 
In section 3 this method is generalised to include all 
possible risk levels. In section 4 a ~isk-free asset is 
introduced, giving rise to the capital market approach. 
Efficient frontiers are compared on the basis of the capital 
market lines thus produced. Sharpe (1966) computed the so-
called reward-to-variability ratio to compare portfolios, 
and this method is discussed and empirical results presented 





The final method of ~omparison follows a completely 
different approach and assumes unknown future security per-
formance. Portfolios for the S~uth African investor with and 
without access to the international markets are selected on 
this basis and compared in section 6. Finally, conclusions 
and implications are discussed in section 7. 
7.2 Comparison of International and South African efficient 
frontiers at multiples of the market risk 
In an attempt to quantify the gains that are to be made 
from investing in the enlarged universe consisting of foreign 
as well as local securities (the case if exchange control 
restrictions were removed), an initial approach might be to 
choose some risk level and observe the gain or percentage 
improvement from such an investment over an investment in a 
portfolio of purely South African securities . 
As mentioned in section 6.2.1 the parameter A in the 
Markowitz portfoHo selection problem is the 11 COefficient of 
risk aversion". Each different value of A from 0 to oo 
will plot a different point on the efficient frontier from 
the lowest risk/return point to the highest risk/return point. 
An initial approach might be to select some value (or values) 
of A > 0 and observe the increase in returns at 
these values of A when there is a switch from the purely 
South African efficient portfolios to the international 
efficient portfolios. However the value of A is merely the 





























and does not consider the actual rtsk of _the portfqlio, crp. 
In Figure ·1.1 below the tnternattdnal and South African 
























SA investment only 
8 10 12 14 16 
Figure 7.1 The importance of risk and return in dominance relationships 
of efficient frontiers. (The South African and International 






A = 0 (that is, the lowest possible risk level is achieved) 
both efficient frontiers are vertical (lines AB and CD in 
Figure 7.1 indicate the slope of the international and 
South African frontiers respectively). If return is the 
only criterion on which the two curves are compared it will 
be seen that the South African efficient portfolio out-
performs the international efficient portfolio at this level 
of A (in Figure 7.1 RsA > RINT by approximately 2% where 
RsA = return on the South African efficient portfolio and 
RINT = return on the international efficient portfolio) . 
The actual ·level of portfolio risk, crp, is much larger in 
the case of the South African efficient portfolio~ however 
(crSA > criNT by approximately 3,1%, where crSA = risk of 
South African efficient pcirtfolio and criNT = risk of inter-
national efficient frontier). Indeed, given a risk level of 
crSA it is clear that in fact the international efficient 
frontier offers much more return than does the South African 
frontier at this level of risk (RSA < RINT). The apparent 
dominance of the South African efficient portfolios at some 
levels of A is thus an illusion and is caused by the non-
inclusion of the portfolio risk. 
Since the use of A as a selecti.on criteria is in· 
appropriate other alternatives must be examined. One 
approach might be to select a specific value of crp and ob-
serve the increase in return from one curve to the other at 
this level. However the ranges in risk of the efficient 
portfolios, both international and South African, vary dra-








Because of the above-mentioned problems a particular 
market-related risk was chosen each year as a basis for the 
comparison of the efficient portfolios. This was the 
standard deviation of the monthly returns of the JSE All 
Share Index for each year and gave an indication of the risk 
of all securities traded on the JSE in that yea~. This will 
be referred to as the .. market risk 11 and indicated by cr JsE· 
For each of the 18 years in the study (1965 to 1982) the 
monthly returns for both the· South African and international 
efficient portfolios at various multiples of the market 
risk were computed. The average values of the monthly re-
turns for the entire 18-year period for both efficient 
frontiers under consideration, as well as average monthly 
and annual gains can be found in Table 7.1. The average re-
lative performance of the international portfolio to the 
South African portfolio at each of the risk levels are also 
displayed . 
Table 7.1 clearly supports the assertion that the in-
ternational efficient portfolios dominate the South African 
efficient portfolios. This dominance ranges between 1,57% 
per month (18,84% per year) and 2,28% per month (27,36% per 
year) on average and depends on the level of risk chosen . 
However, the larger the risk the smaller the average gain to 
be made from international investment. A risk-averse in-
vestor who is only prepared to accept a risk equal to three-
quarters of that of the overall South African market in each 
year could have achieved average annual gains of 27,36% 
(from 21,00% per annum to 48,36% per annum) from inter-
. , • • • • 
0,75 aJSE 0,90 aJSE 1,00 aJSE 1,10 aJSE 
Average 
monthly return on 1,75 2,40 2,73 2,95 
SA securities (% per month) 
Average 
monthly return on 4,03 4,30 4,45 international securities 4,58 
(% per month) 
Average 
monthly gain from 2,28 1,90 1, 72 international investment 1 ,63 
(% per month) 
Average 
annual gain from 27,36 22,80 20,64 19,56 international investment 
(% per annum) 
Average relative perform-
ance of the international 
2,3029 portfolio to the South 1,7917 1,6300 1,5525 
African portfolio 
Table 7.1 Average returns, gains and relative performances for the period 1965 to 1982 

















national investment. This represents an average relative 
increase of 2,3029 . The risky investor who is prepared to 
accept a risk of as much as 1,25 times that of the overall 
South African market in each year could have benefitted by 
18,84% on average per year (from 31,16% per annum to 57,00% 
per annum) from international investment. This is an 
average relative increase of 1,4937 . 
A problem exists with this approach in that in certain 
years the market risk is so great that some of the multiples 
of this market risk under consideration fall outside of the 
risk range of the South African and/or international effi-
cient portfoli6s. This is because the market risk is calcu-
lated ex po~t, and thus will not necessarily plot on the 
South African efficient frontier. In these years the 
returns at the largest risk attainable is reported. 
This is equivalent to the case in which an investor cannot 
achieve a risk level as high as he desires, and instead 
settles for the largest possible risk level in that period. 
There are also certain years in which the market risk is 
small and some of the multiples under consideration of this 
market risk fall outside of the risk range of one or both of 
the efficient frontiers. In these cases the returns 
at the smallest risk attainable is reported. This is the 
case of an investor desiring a lower risk than is attainable, 
and thus settling for t~e smallest possible risk in that 








1970, 1980 and 1981. Table 7.2 repeats Table 7.1, but ignores 
the four years just mentioned. It will be seen that the re-
sults are substantially the same as before. Thus while the 
problems mentioned in the previous paragraph exist, they do 
not appear to seriously invalidate the results. 
The main implication of these tables is that at all 
levels of risk, investors would benefit from a relaxation or 
removal of exchange control regulations. An interesting 
facet of the results is that the investors who prefer lower-
risk investment (and this includes the Unit Trusts) would 
benefit by a larger amount in the event of a removal of 
exchange control regulations than those speculators who are 
willing to accept a very high risk . 
• • • • • 
0,75 OJSE 0,90 OJSE 1,00 OJSE 1,10 aJSE 1,25 OJSE 
Average 
1,82 2,58 3,01 3,29 3,59 monthly return on 
SA securities (% per month) 
Average . monthly return on 4,25 4,54 4,71 4,85 5,04 international securities 
(% per month) 
Average 
monthly return on 2,43 1,96 1 '70 1,56 1,45 
international investment 
(% per month) 
Average 
annual gain from 
29' 16 23,52 20,40 18,72 17,40 international investment 
(% per month) 
Relative performance of the 
international portfolio to 2,3352 1,7597 1,5648 1,4742 1,4039 the South African portfolio 
~-----~~ 
Table 7.2 Average returns, gains and relative performances for the Reriod 1965 to 1982 (except 
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7.3 Approximate areas between efficient frontiers 
In the previous section the difference between the inter-
national and the South African efficient portfolios was 
measured at various values of portfolio risk. Ideally it 
would be desired that the difference be measured at all possible 
values of risk over which the efficient portfolios span. This 
could be measured by the area between the two curves. 
In general, in any particular year the range of risks 
attainable were different for the international efficient port-
folios and the South African efficient portfolios. For this 
reason it was decided to measure the area between the two 
curves over the range of risk common to both curves. 
In general the area measured was that between 
max,(oSA(MIN}; 0 INT(MIN)} and min (oSA(MAX); 0 INT(MAX)) . 
This area is illustrated in Figure 7.2 by the shaded area 
and represents a case where aiNT(MIN) < aSA(MIN) and 
0 INT(MAX) > 0 SA(MAX)' 
An approximation of this area is achieved by calcu-
lating the average of the distances between the two effi-
cient frontiers at the extremes of the risk range common 
to both curves (the average length of lines AB and CD in 
Figure 7.2), since the curves diverge as risk decreases. 
Table 7.3 below shows the monthly and annual averages of 
these two measurements for each year 1965 to 1982, as well 
as average values over all 18 years . 
• 
7. 1 2 
1 International 





0 INT(MIN) 0 SA(MIN) 
0 SA(MAX) 0 INT(MAX) 
. 
0 SA(MIN) = minimum value of risk attainable for South 
• African efficient portfolios 
0 SA(MAX) = maximum value of risk attainable for South 
African efficient portfolios 
0 INT(MIN) = minimum value of risk attainable for 
international efficient portfolios 
• 0 INT(MAX) = maximum value of risk attainable for 
international efficient portfolios 
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Average Average 
monthly difference annual difference 
Year (%) ( % ) 
1965 1 '2 0 14,40 
1966 0,66 7,92 
1967 2 '43 . 2 9' 16 
1968 1 '0 7 12,84 
1969 2,38 28,56 
1970 2,02 24,24 
1971 3,73 44,76 
1972 2,20 26,40 
1973 4,45 53,40 
1974 5,65 67,80 
1975 . 2 '26 2 7' 12 
1976 2,70 32,40 
\ 
1977 1 '0 5 12,60 
1978 0,64 7,68 
1979 2,42 29,04 
1980 2,00 24,00 
1981 2 '0 1 24,12 
1982 1 '3 4 16~08 
Average 2,23 26,81 
Table 7.3 Monthly and annual averages of the distance 
between South African and international 
efficient frontiers at the extremes of the 







7 • 1 4 
This average additional return of 26,81% per year is 
close to the average increase attained when the two frontiers 
were compared at different multiples of the market risk 
(Tables 7.1 and 7.2) . 
To calculate the relative performance of the two 
frontiers, the returns of the international portfolios at two 
extremes of the risk range common to both frontiers were 
averaged, as were the returns of the South African portfolios 
at the same risk levels. The ratio of these returns indicates 
the relative performance of the two frontiers. This average 
turns out to be 2,0769, or an average percentage increase of 
107,69%. This compares with the relative performance of 
between 1,4937 and 2,3029 (dependent on risk) as calculated 
in section 7.2. 
Thus it appears that on average over the period 1965 
to 1982 investors who included international securities in 
the portfolios could have achieved average returns which 
were in the range of 20% to 30% per annum above the ~eturns 







7. 1 5 
7.4 Introduction of a risk-free asset and an extension 
to the capital market approach 
In section 6.2.3 the capital market line was defined 
as the line tangent to the efficient frontier with the risk-
free rate of return as the y-intercept. The point of tan-
gency between the capital market line and the efficient 
frontier is known as the optimal combination of risky secu-
rities. The Separation Theorem pointed out that the rational 
investor would divide his funds between this optimal combi-
nation of securities at risk and either borrowing or lending 
at the risk-free rate, the proportion of each being deter-
mined by the risk ~e required. Thus he could attain any 
position on the capital market line. 
For each of the 18 years 1965 to 1982 the capital 
market lines were drawn from the South African risk-free 
rate (indicated by Rf) tangent to both the international and 
South African efficient frontiers. The risk-free rate used 
for each year was the average of the twelve month-end 
Treasury Bill rates. The South African risk-free rate was 
used in both_ cases as it was assumed that the South African 
investor would be more likely to invest in a local risk-free 
asset since in this way he would not incur any exchange rate 
risk. Indeed, because of exchange rate risk, one could not 
argue that a USA Treasury Bill is risk-free from a South 
African investor's point of view. An example of the capital 
market lines thus produced, using the efficient portfolios 
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tion of risky securities for the international and South 
African efficient frontiers are labelled P and Q respectively. 
investment 
6 a 8 
efficient frontier dSE 
10 12 14 
SA investment only 
16 
Figure 7.3 Capital market lines for international and South African investment 
(efficient frontiers for 1981 have been used to illustrate this 
concept) 
Since the rational investor would only take up some 
position on the capital market line, and not any position 
other than the optimal combination of securities at risk on 
the efficient frontier, it is only necessary to compute the 
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This could be measured by calculating the area between the 
two lines. If a maximum risk level is known or specified the 
required area becomes the area of some triangle of the form 
RfAB. However, if it is assumed that the investor may borrow 
as much as he likes, the maximum risk attainable is theoreti-
cally infinite, giving rise to an infinite-sized triangle. 
This problem, as well as the case in which the investor can 
not borrow for investment purposes, can be overcome by 
measuring the relative increase of internatio~al investment 
over purely South African investment over and above the risk-
free rate. This amounts to finding the ratio of the areas of 
two triangles at any risk level, for example the market risk. 
Referring to Figure 7.3 the required ratio is 
area of t.RfAC 
area of t.RfBC 









• X • yl 
• X • y 
RfA Y1/x = 1 in e RfB Y/x 
= h y 
base • height 
x • height 
So the ratio of the areas of the two triangles is given by 







international investments to the slope of the capital market 
line for South African investments. This is also the ratio 
of the height of the two triangles which is independent of 
the level of risk, x. So any convenient risk level will 
suffice and thus the market risk, oJSE' was chosen. 
Table 7.4 below shows the values of Y1 and y for each 
year from 1965 to 1982, as well as their ratio and the re-
sulting relative increase for each year. 
On average the area of the triangle formed by the 
international capital market line, the risk-free rate and 
the market risk is 4,45 times larger than the area of the 
triangle formed by the South African capital market line, the 
risk-free rate and the market risk. This is equivalent to a 
percentage increase of 345,15% over the risk-free rate on 
average over the 18 years if international investment is allowed. 
It should be noted, however, th~t certain problems arise 
when this method is employed. Firstly, the S~uth African 
capital market line might be only very slightly steeper than 
the risk-free rate of return. In this case the ratio of the 
two triangles and the percentage improvement would be ex-
tremely large, even if the slope of the international capital 
market line were not very steep. Figure 7.4 illustrates 
this position. The result would tend to inflate the average. 
Secondly, if the international efficient frontier offers a 
very low risk and a return fairly large in comparison to the 







International South African relative increase 
capital market line capital market line = ydy 
Year Y1 y 
1~65 4,24 3,36 1,2619 
1966 5,28 3,87 1,3643 
1967 8,58 3,47 2,4726 
1968 48,29 9,30 5,1925 
1969 27,20 2,81 9,6797 
1970 14,11 3, 11 4,5370 
1971 11 ,43 1 ,66 6;8855 
1972 36,54 9,38 3,8955 
1973 43,68 10,31 4,2367 
1974 10,90 0,60 18,1667 
1975 19,55 5,39 3,6271 
1976 8,76 3,89 2,2519 
1977 11 '50 3,90 2,9487 
1978 13,47 7 '1 0 1 ,8972 
1979 40,29 8,39 4,8021 
1980 13,03 6' 10 2' 1361 
1981 6,30 1 ,81 3,4807 
1982 9,75 7,55 1,2914 
Average 4,4515 
Table 7.4 Ratios (relative increases) of heights of 
triangles (or alternatively, slopes of capital 







Figure 7.4 When the South African capital market line is only 
slightly steeper than the risk-free rate of return 
the ratio of the two triangles is large. 
lies close to the vertical axis), the international capital 
market line will have a very steep slope, leading to a r~tio 
and percentage improvement which is very large. This situ-
ation is depicted in Figure 7.5. 
The first situation occurred in 1974, and the second 
situation in 1968, 1969 and 1979. When these f~ur years are 
ignored in Table 7.4 the average relative increase from 
international divestment reduced to 3~02 and the average per-
centage increase over the risk-free rate each year from in-
ternational investment was 202,05%. 
Thus on average a local investor who invests in risky 
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International efficient frontier 
SA efficient frontier 
y 
_j _____ _ 
Figure 7.5 When the International efficient frontier offers low risk 
and a large return in comparison to the risk-free rate the 
ratio of two of the triangles is large 
relative increase in his expected return by investing in the 
international rather than the local optimal combination of 







7.5 Sharpe's Reward-to-Variability Ratio 
Sharpe (1966) compared several portfolios in a single 
period by means of the so-called reward-to-variability ratios 
of the portfolios concerned. For a particular portfolio this 
ratio is defined as the risk premium of the portfolio divided 
by the standard deviation of the portfolio. That is, for a 
portfolio A. 
where 
RA - Rf 
SR = 
SR = Sharpe's 
RA = return on 
Rf = risk-free 
crA = standard 
reward-to-variability ratio 
portfolio A in the period 
rate of return in the per_iod 
deviation of returns of portfolio 
i n the period 
A 
This is indicated in Figure 7.6 below, and measures the rate 
of return above the 'risk-free rate per unit of risk borne . 
It will be noticed that this ratio is merely the slope 
of the line from Rf to the portfolio plotted on the risk/ 
return diagram. 
The ratio was calculated for the optimal combination 
of securities at risk in each year from 1965 to 1982 as 
found in section 6.2.3 for both the investor with access to 
the international markets and for the investor who is re-
stricted to South African securities. Table 7.5 contains 














Figure 7.6 Sharpe•s reward-to-variability ratio for an 
arbitrary portfolio A 
It will be noted that r*, the ratio of the two 
risk 
reward-to-variability ratios in each year is always greater 
than 1, indicating that the international optimal combina-
tion of Securities at risk offers a greater reward per unit 
of risk than does the South African optimal combination of 
securities at risk. This ratio varies from year to year, 
fluctuating between 1,27 in 1965 and 27,90 in 1974. The . 
average value of r* over all 18 years is 4,76 which in-
dicates a percentage increase of 376% from investing in 
the international portfolio. However, when the inordinately 
large values for 1969 and 1974 are removed the average 








Sharpe•s reward-to-variability ratio, SRTV 
YEAR International portfolio South African portfolio r* 
1965 0,6942 0,5486 1 ,27 
1966 0,9718 0,7268 1 ,34 
1967 1,1765 0,4708 2,50 
1968 4,0000 1,1213 3,57 
1969 2,0800 0,2091 9,95 
1970 0,7131 0 '1894 3,77 
1971 0,7545 0,1123 6,72 
1972 4,2041 1,3450 3 '13 
1973 2 '1914 0,5394 4,06 
1974 0,5412 0,0194 27,90 
1975 1,6033 0,3840 4' 18 
1976 0,5778 0,2588 2,23 
1977 1,1928 0,4506 2,65 
1978 1 '1123 0,5946 1,87 
1979 3,6226 0,9512 3,81 
1980 0,7974 0,3668 2 '17 
1981 0,4697 0 '1422 3,30 
1982 0,4014 0,3113 1 ,29 
Average 4,76 
Table 7.5 Sharpe•s reward-to variability ratios for 
international and South African investments, 







199% from investing in the optimal combination of securities 
at risk from international investment. This compares with 
the average percentage increase in return over the risk-free 
rate of 202,05% as calculated in section 7.4 . 
7.6 The gains from international investment in the 
face of unknown future security performance 
In section 7.4 the capital market lines for each year 
were constructed as rays from the South African risk-free 
rate tangent to both the international and South African 
efficient frontiers. These two lines indicated the best 
available positions that could have been achieved in practice 
during each year from the point of view of local investors 
who had access to (i) unlimited investment and (ii) no invest-
ment in foreign stocks or commodities, respectively. The 
optimal combination of risky securities thus arrived at was 
optimal expo~~ i.e. as viewed after the period had passed. 
This analysis may, quite clearly, not help in making decisions 
about the future. 
If an investor is faced with a situation in which he 
has no knowledge of future security performance, it may be 
expected that he would "buy the market". By this it is 
meant that he would buy each risky security available in the 
market each year in proportion to their market capitalisation. 
In this way his portfolio would be fully diversified. This 
is clearly an ex an~e investment strategy, since it refers 








not consider the effect of events that actually took place 
during the year. 
The cases of two separate investors, each with their 
own market of securities at risk available to them, should 
be considered: 
(i) the investor governed by current exchange control 
regulations and whose universe of risky securities 
is the seven South African securities chosen from the 
JSE as discussed in section 2.3; and 
(ii) the investor with unlimited access to investment in 
foreign stocks and commodities, and whose universe of 
risky securities is all twenty-five securities as laid 
out in section 2.7. That is, seven South African 
securities, two foreign stocks, eleven metals and five 
soft commodities. 
Th~ twenty-five securities were divided into the following 
four groups: 
(a) South African securities 
(b) Foreigri stocks 
(c) Metals 
(d) Soft commodities 
It is assumed that each of the above two investors purchase 
equal rand amounts in each of the security groups available 
to them. In addition, all securities within each group are 








For each year the actual return and actual risk for 
each of the above two portfolios was calculated using the re-
lised prices of the securities concerned. Each of these two 
portfolios was plotted as a single point on a return/risk 
diagram in each year, and thus indicated the position of the 
market portfolios for South African investment and inter-
national investment respectively for that year. Market lines 
were drawn joining the South African risk-free rate to the 
above-mentioned two points in each year. The returns (in 
percent per month) for each of the two investment strategies 
in each year, as well as the difference between the two 
strategies were measured at both the South African market 
risk as well as the international market risk. These market 
risks were calculated as the standard deviation of the port-
folio returns in each of the two markets under consideration 
in each year. These results are presented in Table 7.6 • 
Examination of Table 7.6 reveals that on average over 
the period 1965 to 1982 reasonably large positive returns 
could have been achieved by investors employing an ex ante 
selection procedure at either of the two risk levels con-
sidered. These amounted to 0,708% per month (8,493% per 
annum) and 0,850% per month (10,200% per annum) for in-
vestment in a portfolio of South African risky securities at 
the international market risk level and South African market 
risk level, respectively; and 0,715% per month (8,580% per 
annum) and 0,789% per month (9,467% per annum) for invest-








Risk = SA market risk Risk = International market risk 
Return (% per month) Increase in Return (% per month) Increase in 
return from return from 
International international International i nterna tiona 1 
Year SA portfolio portfolio investment SA portfolio portfolio investment 
1965 0.35 0.81 0,46 0,34 0,82 0,48 
1966 1,68 -0.88 -2,56 1,27 -0,53 -1,80 
1967 1,32 0,71 -0,61 0,80 0,55 -0,25 
1968 4,19 3,50 -0,69 1,89 1,63 -0,26 
1969 -2,65 -0,31 2.34 -0,74 0,11 0,85 
1970 -1,79 -2,27 -0,58 -0,53 -0,73 -0,20 
1971 0,67 1 ,63 0,96 0,59 1,08 0,49 
1972 3,04 1,86 -1.18 1,46 0,98 -0,48 
1973 -0,73 1,63 2,36 0,04 0,69 0,65 
19~4. -1,94 1,07 3,01 -1,97 1,00 2,97 
1975 0,57 0,97 O,.:lO 0,57 0,84 0,27 
1976 -0,41 2,29 2,70 0,08 1,48 1,40 
1977 2,21 1,79 -0,42 1,80 1,48 -0,32 
1978 3,36 0,94 -2,42 3,16 0,92 -2,24 
1979 3,03 3,90 0,87 1.74 2,17 0,43 
1980 0,88 -1,07 -1,95 0,60 -0,36 -0,96 
1981 0,23 1,13 0,90 0,35 1,09 0,74 
1982 1,29 -3,50 -4,79 1,29 -0,35 -1,64 
Average 





10,200 9,476 -0,800 8,493 8,580 0,084 
Table 7.6 Monthly returns for South African and international market portfolios at 








international and South African market risk levels respect-
ively. It will be noticed that the returns fluctuate over a 
wide range, from as low as -3,50% per month (-42,00% per 
annum) for an international portfolio at the South African 
market risk in 1982, to as high as 3,90% per month (46,80% 
per annum) for an international portfolio at the South 
African market risk in 1979. 
Furthermore, the investor with access to the inter-
national markets who spreads his funds over the entire uni-
verse of securities available to him in equal amounts 
amongst and within each of the faur available security groups 
would, on average over the 18 years 1965 to 1982, end up with 
a deficit in return of 0,067% per month (or 0,800% per annum) 
when compared to the investor who is restricted to the local 
security market and who spreads his funds equally within that 
security group. These comparisons were at the level of risk 
available in the entire South African market in each year. 
When compared at the risk level attached to the international 
market (in all years it is smaller than the South African 
market risk) the investor who purchases foreign stocks and 
commodities as well as South African securities achieves a 
small gain of 0,007% per month (or 0,084% per annum) over 
his exchange control-restricted counterpart. These gains 
are significantly less than those achieved in the ex po~~ 
studies. 
However it should be borne in mind that this procedure 








and a purely South African portfolio at two different risk 
levels in each year, and does not consider the actual risk 
associated with each of the two portfolios. For this 
reason a standardised return (return adjusted for risk) was 
considered for each portfolio. The return and risk was cal-
culated in each year for each of the two portfolios, and these 
averaged over all 18 years. The standardised return 
(r~~~kn) was calculated and is shown in Table 7.7 below: 
Average Return Average Risk standardised 
return 
South Afncan 
portfolio 0,849 6,436 0,1319 
International 
portfolio 0,715 4,470 0,1600 
Table 7~7 Standardised returns for South African and 
international portfolios chosen ex ante 
It will be noted that the ratio of the international standard-
ised return to the South African standardised return is 
1,2127, i.e. the international portfolio has a relative per-
formance which is 1,2127 times that of the South African port-
folio when the actual risks associated with the two port-
folios are taken into consideration . 
7.7 Conclusions and Implications 
In Chapter 6 it was clearly shown that large increases 
in returns are possible when the investor has access 
to an enlarged universe of securities - precisely the situation 








In this chapter an attempt has been made to quantify 
the gains that would have been achieved by a South African 
investor in the event of an abolishment of exchange control 
restrictions. 
In section 7.2 the international and South African 
efficient frontiers were compared each year at various mul-
tiples of the South African market risk. It was shown that 
on average in the recent past the gains from international 
investment ranged from 18,84% to 27,36%, depending on the 
risk level chosen. In fact it would appear that the greater 
the risk level, the smaller the iricrease in returns achieved. 
When the capital market lines were introduced (thus 
assuming that investment in a risk-free asset such as 
Treasury Bills was possible, as was borrowing at the same 
rate) it was found that the average percentage increase in re-
turn from international diversification over purely South 
African diversification was as high as 200%. This is, of 
course, the return that could be achieved over and above the 
risk-free rate. This method assumed that all investors 
would purchase just one portfolio of securities at risk as 
described by the Separation Theorem. If borrowing and 
.lending are allowed the greatest absolute increases will be 
attained when the risk is large, since the capital market 
lines diverge. The percentage increase will, however, re-








since the borrowing and lending rates will not be the same, 
and infinite borrowing will not be allowed. These factors, 
will, however only mitigate slightly against the figures 
presented in this chapter . 
Sharpe's reward-to-variability ratio measured the in-
crease in risk premium for every unit increase in risk. It 
was shown that international diversification yielded returns 
that were as much as 199% greater than those achieved from 
investing in South African securities for every unit in-
crease in risk . 
When an ex an~e portfolio selection approach was em-
ployed~ and every security in the universe available was 
purchased it was found that the relative increase in average 
return from investing in foreign stocks or commodities was 









The comparative figures above can be summarised in 
Table 7.8 below. 
method 
expo~~ (1) Comparison at multiples 
of market risk 
(Section 7.2) 









ex an~e (5) equal funds amongst 





anc~ of international port-
follos to SA portfolios 





(over risk-free rate) 
2,99 
1,2127 
Table 7.8 Methods of comparing investment performance from 
an international portfolio and a South African 
portfolio 
The implication of the figures displayed in this chapter 
is that ex po~~ increases from international divestment are 
superior enough to warrant significant foreign investment by 
local investors in the event of an abolition of exchange con-
trol restrictions. It is not claimed that an investor will 
actually achieve a point on the ex po~~ efficient frontier 





investor's portfolio does not lie on the efficient frontier 
and providing the investor is equally inefficient in both 
the South African and international markets, the difference 
wi 11 still be the same, and the results in this chapter 
provide an indication of the costs to the South African 








THE EFFECT OF CHANGES IN THE MAXIMUM 
PROPORTION OF FUNDS INVESTED EXTERNALLY 
8.1 Introduction 
The previous two chapters clearly indicated that when 
viewed ex po~t substantial increases in return may 
be achieved from international investment. These studies 
only considered an all-or-nothing approach, however. That 
is, either no investment in foreign securities was allowed, 
or an unlimited proportion of a South African investor's 
funds were allowed out of the country for investment in 
foreign securities. 
Leading financiers envisage that initially a limit will 
be placed on the proportion of an investor's funds that will 
be allowed to be invested abroad. This is mainly because 
institutions have to meet their liabilities in rands and thus 
it would be inadvisable to invest a significant percentage 
of their assets abroad. Mr. Marinus Daling (1983), Senior 
General Manager of Sanlam, thus forsees that .. a limit of 
five percent of total assets would therefore probably be a 
healthy maximum." Mr. Jui Lai (1983), Assistant General 
Manager (equity investments) of L & GV has been quoted as 







tutions would invest overseas on a limited scale in the event 
of the present restrictions on investment abroad being lifted. 
Considering that liabilities are due in rands and fi-
nance for capital development must be retained, not all of an 
investor's funds should leave the country. With these limi-
tations in mind it is desirable to determine what proportion 
of an investor's assets should be allowed to flow out of 
South Africa. From a different point of view, if the Reserve 
Bank were to allow a limited proportion of an investor's 
funds to be invested outside of South Africa it would be ad-
vantageous to determine this limit in such a way that in-
vestors can benefit as much as possible whilst at the same 
time a large proportion of funds are still retained in the 
country. 
This problem can be analysed ~x po~t by reconstructing 
the Markowitz efficient frontiers with certain restrictions 
placed on the maximum proportion allowed to be invested in 
foreign securities. These efficient frontiers are collect-
ively compared and examined in sections 2 and 3 of this 
chapter by similar methods to those employed in Chapter 7. 
A conclusion as to the maximum percentage of an investor's 
funds that should have been allowed out of South Africa for 
investment purposes in recent years whilst still retaining a 
large proportion for local growth and payment of liabilities 






8.2 Changes in the Maximum Proportion of Funds Invested 
Externally 
In order to compare the situations that would prevail 
under different proportions of an investor•s funds being 
allowed out of South Africa for investment purposes, it is 
necessary to reproduce the Markowitz efficient frontiers after 
a further linear constraint has been included in the •standard 
problem• formulation presented in section 4.4. This con-
straint is of the form 
l:Xforeign <: .e 
Clearly, l:Xforeign is the sum of the proportions invested in 
non-South African securities, and .e is some value between 
0 and 1. The value of .e is the limiting proportion for 
foreign securities, and was arbitrarily set at the following 
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It will be noted that the case .e = 0,00 is merely the sit-







t = 1,00 implies an unlimited proportion of an investor's 
funds are allowed out of South Africa. These cases have al-
ready been examined in Chapter 6, section 6.2. They are 
presented here merely for the sake of completeness . 
The efficient frontiers for each .year were created for 
each value of t, and an example of these frontiers (for the 
year 1975) can be found in Figure 8.1. A glance at Figure 8.1 
reveals that as the level of t increases the efficient 
frontiers so produced are positioned further and further away 
from the case t = 0,00 (no ·foreign investment at all) • 
That is, any increase in the limit placed on the percentage 
of funds allowed out of South Africa for investment purposes 
will produce a more desirable situation for the investor as 
he can earn a greater return for the same level of risk. 
This situation is maximised when t = 1,00. That is, he can-
not earn a higher return for a given level of risk than he 
can when the proportion he may invest in foreign securities 
is unlimited. What is of importance then is the increase, or 
alternatively the percentage gain, in return from 
increasing the value of t above 0,00. 
To achieve this end a similar procedure to the one em~ 
played in section 7.2 was initially followed. That is, the 
market risk in each year (defined as the standard deviation 
of the JSE All Share Index) was calculated and the returns 
at five arbitrarily-chosen multiples of this market risk 
were determined for each value of t. Then the percentage 
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Figure 8.1 The effect of varying proportions of funds being allowed 
for investment in foreign securities and commodities in 





value of t was calculated at each risk level, as was the 
cumulative percentage gain from the case when t = 0,00 
(no foreign investment permitted). These returns, percen-
tage gains and cumulative percentage gains for each year are 
contained in Appendix B whilst only the averagesover the 
18-year period 1965 to 1982are presented in Table 8.1. 
Several important points will be readily noted from 
Table 8.1. Firstly, for any given value of the maximum pro-
portion of an investor•s funds allowed out of the country for 
investment the average monthly return increased as the level 
of risk increased. Secondly, irrespective of the level of 
risk chosen, the average monthly return increased monotoni-
cally as the value of l increased towards 1,00. This is 
exactly the position described in Figure 8.1. In other words, 
the larger the proportio~ of an investor•s funds allowed out 
of South Africa, the greater his average monthly return was. 
Furthermore the average gain per annum from one value of l 
to the next larger value (i.e. down the columns in Table 8.1) 
varies between 1,20% per annum to 6,36% per annum. These 
figures taken alone are, however, of little relevance since 
the values of l considered are not equally spaced on the 
interval [0; 1].-
As mentioned in Chapter 7, section 7.2, in certain years 
the ex po4t market risk was so great that even the smallest 
risk level considered (0,75 times the market risk) was not 
attainable. This situation occurred in 1969, 1970, 1980 and 
1981. When these four years are removed from the study and 
• • • • • 
0,75 OJSE 0,9 OJSE 1,0oJSE 1,1 OJSE J,25 OJSE 
averale av. average averale av. average average (}.V, average aYe rage av. average average I av-
e month y gain cumulative month y gain cumulative monthly gain cumulative monthly gain cumulative monthly' gain return p.a. gain return p.a. gain return p.a. gain r~turn p.a. gain return p.a. 
0% 1 ,75 - - 2,40 - - 2,73 - - 2,95 - - 3,18 -
5% 2,10 4,20 4,20 2,74 4,08 4,08 2,99 3 '12 3,12 3' 16 2,52 2,52 3,36 2 '16 
10% 2,52 5,04 9,24 2,98 2,88 6,96 3' 19 2,40 5,52 3,34 2 '16 4,68 3,48 1 ,44 
20% 3,02 6,00 15,24 3,34 4,32 11 ,28 3,49 3,60 9.12 3,58 2,88 7,56 3,68 2,40 
25% 3,20 2,16 17,40 3,47 1,56 12,84 3,60 1 ,32 10,44 3,68 1 ,20 8,76 3,78 1 ,20 
3J-}% 3,40 2,40 19,80 3,64 2,04 14,88 3,76 1,92 12,36 3,83 1 ,80 10,56 3,93 1,80 
50% 3,67 3,24 23,04 3,91 3,24 18 '12 4,03 3,24 15,60 4' 12 3,48 14,04 4,22 3,48 
100% 4,03 4,32 27,36 4,30 4,68- 22,80 4,45 5,04 20,64 4,58 5,52 19,56 4,75 6,36 
- -- '------
Table 8.1 Average returns (percent per month), gains (percent per annum) and cumulative gains (percent per annum) for the period 

























the monthly returns, gains per annum and cumulative gains 
per annum are averaged over the remaining 14 years, Table 
8.2 results. The main points of Table 8.1 as just discussed 
are also true for Table 8.2 • 
It will be seen in Table 8.1 that the maximum average 
cumulative gain occurred when no limit was placed on the pro-
portion of an investor•s funds that may have been invested 
in foreign securities, irrespective of the risk level de-
sired. Thus the average annual percentage gain in return 
at each level of t can be expressed as a fraction of the 
maximum average annual percentage gain in return. This is 
shown in Table 8.3. 
Clearly, when the risk level desired was low (0,75 crJSE) 
more than half of the av~rage annual percentage gain in re-
turn could have been achieved by allowing a mere 20% of an 
investor•s funds to be invested in fo~eign securities, and 
almost three-quarters of the average annual percentage gain 
could have been achieved if this limit was extended to 33~%. 
As the risk level increases the fractions decrease, until 
at the highest risk level considered (1 ,25 aJSE) almost half 
the average annual percentage gain in return could have been 
achieved by allowing 33~% of an investor•s funds to be in-
vested abroad, and two-thirds of the average annual percent-
age gains could have been achieved if the limit was 50%. 
Thus there is historical evidence from a recent time 
period that, _irrespective of the risk level desired, the 
• • • • • 
0,75 oJSE 0,9 oJSE 1,0ciJSE 1,1 oJSE 1 ,25 a JSE 
average av. average average av. average average av. average average av. average .. average av. average 
e monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 1,82 - - 2,58 - - 3,01 - - 3,29 - - 3,59 - -
5% 2,20 4,56 4,56 2,99 4,92 4,92 3,31 3,60 3,60 3,53 2,88 2,88 3,79 2,40 2,40 
10% 2,69 5,88 10,44 3,26 3,24 8,16 3,53 2,64 6,24 3,73 2,40 5,28 3,91 1,44 3,84 
20% 3,25 6, 72 17,16 3,66 4,80 12,96 3,86 3,96 10,20 . 3,97 2,88 8,16 4,10 2,28 6,12 
25% 3,45 2,40 19,56 3,80 1,68 14,64 3,96 1 ,20 11 ,40 4,07 1,20 9,36 4,20 1 ,20 7,32 
3~% 
3 
3,65 2,40 21,96 3,96 1 ;92 16,56 4,12 1 ,92 13,32 4,21 1,68 11 ,04 4,33 1 ,56 8,88 
50% 3,92 3,24 25,20 4,20 2,88 19,44 4,36 2,88 16,20 4,47 3 '12 14.16 4,60 3,24 12' 12 
100% 4,25 3,96 29' 16 4,54 4,08 23,52 4,71 4,20 20,40 4,85 4,56 18,72 5,04 5,28 17,40 
Table 8.2 Average returns (percent per month), gains (percent per annum) and cumulative gains (percent per annum) for the period 1965-1982 
(excluding years 1969, 1970, 1980 and 1981) at various risk levels for various maximum proportions of investment allowed in 














8. 1 0 
greatest average annual percentage gains in return would 
have occurred if the proportion of an investor's funds that 
were allowed to be invested abroad was less than 50% . 
0,75 OJSE 0,90 OJSE 1,00 OJSE 1 '1 0 JSE 1,25 OJSE 
.e Al 82 Al 82 Al 82 Al 82 Al 82 
0% - 0,00 - 0,00 - 0,00 - 0,00 - 0,00 
5% 4,20 0 '15 4,08 0' 18 3' 12 0,15 2,52 0 '13 2 '16 0 '11 
10% 9,24 0,34 6,96 0,31 5,55 0,27 4,68 0,24 3,60 0 '19 
20% 15,24 0,56 11 ,28 0,49 9' 12 0,44 7,56 0,39 6,00 0,32 
25% 17,40 0,64 12,84 0,56 10,44 0,51 8,76 0,45 7,20 0,38 
33t% 19,80 0,72 14,88 0,65 12,36 0,60 10,56 0,54 9,00 0,48 
50% 23,04 0,84 18' 12 0,79 15,60 0,76 14,04 0,72 12,48 0,66 
100% 27,36 1,00 22,80 1 ,00 20,64 1,00 19,56 1 ,00 18,84 1 ,00 
1. A is the average annual percentage gain in return. 
2. B is the average annual percentage gain in return expressed as a 
fraction of the maximum average annual percentage gain in return. 
Table 8.3 Average annual percentage gain in return expressed as a 
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8.3 Changes in the Maximum Proportion of Funds Invested 
Externally - An Alternative Approach 
In Chapter 7, section 7.3 the gains to be made from in-
vestment in an international portfolio selected from South 
African and foreign stocks, metals and soft commodities 
rather than a portfolio seJected from purely South African 
securities were quantified by measuring the distance be-
tween the two efficient frontiers over the entire range of 
risks common to both. This was approximated by calculating 
the average distance between the two frontiers at the two 
extremes of the risk range common to both frontiers. 
If the proportion of an investor's funds allowed out · 
of South Africa was allowed to vary, this average distance 
should be recalculated for each limiting value t of the 
proportion of his funds which may be invested in foreign 
stocks and commodities. The average is the average of the 
distances XX! and YYt for each value of t in Figure 
8.2 below. 
Table 8.4 below presents the average values over the 18 
years 1965 to 1982 of the distances xxt and yyt (the 
distance between the frontier formed when no foreign in~ 
vestment was allowed, and the frontier formed when a maximum 
of 100 t% of the portfolio consisted of forei~n securities) 
for the same values of t considered in section 8.2, as well 
as the average monthly and annual percentage increase in 
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Figure 8.2 Increases in return over the risk range common to the 
South African efficient frontier and an efficient 
frontier where the proportion of funds allowed for 







average monthly average annual 
increase in increase in 
.e XX.e yy .e YY.e-XX.e return return 
(% per month) (% per annum) 
0,05 0,91 0,21 -0,71 0,56 6,72 
0' 10 1,32 0,40 -0,92 0,86 10,32 
0,20 1,87 0,75 -1 '12 1 '31 15,72 
0,25 2,08 0,92 -1 '16 1 ,50 18,00 
0,33 2,34 1 '16 -1 '18 1 '75 21,00 
0,50 2,59 1 ,35 -1,24 1 ,97 23,64 
1,00 2,98 1 ,48 -1 ,50 2,23 26,76 
Table 8.~ Average values of XX and YY over the years 1965 to 1982 
as well as average m~nthly a~d annual percentage increase 
in return 
It will be noted from Table 8.4 that as .e increased both 
XX.e and YY.e also increased. That is, as the proportion 
of funds allowed for investment in foreign securities in-
creased, so did the average increase in monthly returns 
from the case when no foreign investment was permitted, 
over two widely varying risk levels. These average increases 
in return amounted to 2,98% per month (35,76% per annum) at 
the lower risk level and 1~48% per month {17,76% per annum) 
at the higher risk level for the extreme case .e = 1 ,00. 
It will also be noted that for all levels of .e the average 
increase in return was greater at the lower risk level than 
at the higher risk level (indicated by the fact that all 
the entries in the column YY.e-XX.e of Table 8.4 are nega-
tive). Furthermore, as .e increased this characteristic 







8 0 14 
The average monthly increase in return is calculated by 
finding the mean of XXl and YYl for each l considered. 
This is seen to increase monotonically as l increased, to 
a maximum of 2,23% per month (26,76% per annum) when l = 1,00 • 
Since the maximum increase in return occurred when no limit 
was placed on the proportion of an investor's funds that may 
' 
have been invested in foreign securities, the increase in 
return at each level of l can be expressed as a fraction 
of the maximum increase in return. This is shown in Table 
8.5 below . 
average annual increase in return as a 
increase in return percentage of the maximum 
l (% per annum) increase in return 
0,00 0,00 0,00 
0,05 6,72 25,11 
0 '1 0 10,32 38,57 
0,20 15,72 58,74 
0,25 18,00 67,26 
0,33 21,00 78,48 
0,50 23,64 88,34 
1 ,00. 26,76 100,00 
Table 8.5 Increase in return as a percentage of the maximum 
increase in return 
It is clear that more than half of the in~rease in return 
could have been achieved by setting a limit of just 20% on 
the percentage of funds that an investor may have invested 







increase could have been achieved if this limit was extended 
to 33+%. Thus the greatest increases in return (taken over 
the entire risk range common to both the South African and 
international efficient frontiers) occurred when i ~ 0,33 . 
The increases in return were small when i was increased 
above 0,50. This is displayed graphically in Figure 8.3 
I 
below, where the average annual percentage increase was 
plotted against i, the proportion of foreign investment 
allowed. The slope of the curve was initially steep, indi-
cating large increases in return, but flattened off as i 


















0,0 0,2 0,4 0,6 0,8 1 '0 
l (proportion of foreign investment) 
Figure 8.3 Plot of average annual percentage increase in return 
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8.4 Changes in the Maximum Proportion of Funds Invested 
Externally- An Ex Ante Approach 
In Chapter 7, section 6 an ex ante investment strategy 
was investigated, which did not consider the effect of events 
that actually took place in the forthcoming year. That is, 
it was assumed that an investor was faced with a situation 
in which he has no knowledge of future security performance. 
Under these circumstances it was assumed that he would .. buy 
the market .. , i.e. he would buy each risky security available 
in the market each year in propo·rtion to its market capital-
isation, yielding a fully diversified portfolio. 
In this section an ex ante empirical study will be pre-
sented in which varying proportions of an investor•s funds 
are distributed to the international markets. 
Initially two indices were created: 
(i) a South African index consisting of equal amounts in 
each of the seven South African securities chosen from 
the JSE (see Chapter 2, section 2.3); 
( i i ) a 11 fore i .g n 11 i n de x cons i s t i n g of e q u a 1 amounts i n each 
of the three foreign security groups, namely foreign 
stocks, metals and soft commodities (see Chapter 2, 
section 2.7). All securities within the three groups 
were assumed to have equal weightings. 
The mean return and variance of the returns for each 
year for each df the above two indices were calculated, as 








The returns and the risks of the portfolios created by 
allowing varying proportions between 0% and 100% of an in-
vestor•s funds to be invested in foreign securities were 
calculated for each year and appear in Appendix C. The 
average portfolio returns and risks over all 18 years from 
1965 to 1982 are found in Table 8.6. 
proportion of funds average portfolio average portfolio 
allowed for invest- return risk 
ment in foreign 
securities 
wl Rp crp 
(% per month) (% per month) 
0,00 0,849 6,436 
0,05 0,839 6' 147 
0 '1 0 0,829 5,861 
0,20 0,809 5,321 
0,25 0,799 5,064 
0,33 0,782 4,659 
0,50 0,749 3,976 
1 ,00 0,649 3,706 
Table 8.6 Average portfolio returns and risks for 1965 to 1982 
for varying proportions of investment allowed in 
foreign securities 
It will be noted that both the average portfolio return, 
Rp, and the average portfolio risk, crp, decreased mono-
tonically as the proportion of funds allowed out of the 
country, w1, increased. However the average risk decreased 







8. 1 9 
feature is readily seen in Table 8.7, which presents the 
average percentage decrease in return and risk from the case 
W1 = 0,00 as the proportion of funds for investment in 
foreign securities increased • 
proportion of funds average percentage average percentage 
allowed for invest- decrease in return decrease in risk 
ment in foreign 
securities 
wl (%) (%) 
0,00 0,00 0,00 
0,05 1 '18 4,49 
0,10 2,36 8,93 
0,20 4,71 17,32 
0,25 5,89 21,32 
0,33 7,89 27,61 
0,50 11 '78 38,22 
1 ,00 23,56 42,42 
Table 8.7 Average percentage decrease in return and risk for 1965 
to 1982 as the proportion of funds for investment in 
foreign securities increased 
It will be noted that for any value of w1 the average 
percentage reduction in risk is always far greater than the 
average percentage reduction in return. Thus, although an 
investor would have achieved smaller average returns by in-
vesting in an international portfolio of securities rather 
than a purely South African portfolio, he would have dramati-
cally reduced his risk. This result is displayed graphically 
in Figure 8.4, where the average percentage decrease in 
risk is plotted against the average percentage decrease in 













slope = 1 
10 20 30 
Average percentage decrease in return 
· Figure 8.4 Plot of average percentage decrease in risk against 
average percentage decrease in return when foreign 
investment is permitted. 
This feature is particularly marked for w1 less than or 
equal to 0,50. For these values of w1 the graph and the 
line with slope l ,00 diverge. When w1 is greater than 
0,50 the graph and the line with slope 1,00 converge 
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8.5 Summary and Conclusions 
In this chapter a closer examination was made of the 
benefits to the South African investor if investment in 
foreign securities was limited to some proportion less than 
100% of an investor's total portfolio wealth. 
It was initially shown that on average over a recent 
18-year period the larger the proportion of an investor's 
funds allowed out of South Africa for investment purposes, 
the greater his average monthly return, irrespective of the 
level of risk chosen. 
When the entire risk range common to both the South 
African and international efficient frontiers was considered 
it was shown that more than half of the increase in return 
could have been achieved by setting a limit of a mere 20% 
on the proportion of an investor's portfolio wealth that 
may be held in foreign securities, and more than three 
quarters of the increase could have been achieved if this 
li~it was extended to 33~%. Thus the greatest increases in 
return occurred when the proportion of an investor's port-
folio wealth which may be invested in foreign securities 
was less than one third. Thus even small relaxations in 
the current exchange control restrictions would have b~en 
very beneficial to the investor. 
When an ex ante investment strategy was employed it was 
I 
I 
shown that on average over a recent eighteen year period the 







would have decreased the average return on that portfolio. 
However this reduction in average return was offset by the 
fact that the average risk associated with the portfolio 
decreased at an even greater rate, particularly when the 
proportion of an investor•s funds allowed outside the 
country was less than 50%. 
Thus there is evidence based on recent past experience 
that the South African Reserve Bank should aim at raising 
the proportion of an investor•s funds that could be allowed 
out of South Africa for investment abroad. A reasonable 
proportion might be between 20% and 33~% of an investor•s 
funds. At these levels most of the benefits from foreign 
investment will have been gained whilst a majority of the 
investor•s funds are retained in the country for payment of 
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C 0 N C l U S I 0 N S 
This thesis has studied the benefits to the South 
African investor of a relaxation in the current exchange 
control regulations. Under these conditions an investor 
would be free to purchase securities from any of the world's 
stock markets or commodity and metal exchanges . 
In an enlarged universe of securities an investor may 
be able to attain higher returns from some previously un-
attainable securities. Furthermore a repeatedly proven 
argument advanced in favour of diversification of an in-
vestor's risky assets is that the portfolio risk can be 
drastically reduced if the returns of the risky assets are 
not correlated. Many researchers have shown that the move-
ments of security prices in different countries, and indeed 
various commodity prices,do not show high correlation with 
one another, and thus a strong case can be made for in-
vestment in the stocks of foreign countries and in metals 
and soft commodities. Garrone and Solnik (1983) comment on 
the advantage of diversification to alternative investment 
media: 
"A~~et dive~~i6ication will ~educe the amplitude 








extend~ the well-known pn~ne~ple o0 d~ven~~6~eat~on 
( 
to all ~nve~tment med~a. Indeed, the value o0 a 
pontfiol~o d~ven~~6~ed oven all med~a ~~ much le~~ 
volat~le (n~~ky) than each ~nd~v~dual ~nve~tment. 
Med~a d~ven~~6~eat~on ~~ all the mane ~mpontant ~~nee 
~t ~~ ~o hand to make nel~able long-tenm netunn 0one-
ea~t~ on ~nd~v~dual ~toek manket~ and med~a." 
The efficient portfolios corresponding to international 
investment in a number of different media, such as local and 
foreign stocks, metals and soft commodities were shown to 
' 
outperform the efficient portfolios corresponding to in-
vestment in purely South African securities in each of the 
eighteen years under study. On average the percentage gain 
from international investment was shown to be as much as 
25%, and as much as 200% over and above the risk-free rate. 
From an ex ante point of view the relative increase in 
average return from foreign investment rather than a purely 
South African portfolio was over 20%. 
Thus the opportunity exists for large increases in a 
South African investor•s portfolio return if he were able 
to include the international markets in his universe of 
securities. However it is not claimed that he could actually 
attain the risk-return combinations described in this thesis. 
Solnik and Noetzlin (1983) put it this way: 
nrhene wa~ o0, c..oun~e no way o6 know~ng ~n advanc..e 








and all that can be concluded i~ ~imply that oppo~­
tunitie~ ane ~izeable and that the gap between an 
optimal and an index fiund app~oach i~ potentially 
veny wide. Whethe~ any money manage~ ha~ ~ufifiicient 
ability to ~ealize mo~t o~ pa~t ofi thi~ pe~6o~mance 
dififienential i~ anothe~ ~to~y." 
Furthermore, the study revealed that on average in the 
recent past the greatest benefits from diversification were 
attained if a mere 20% to 33;% of the investor•s funds at 
risk were divested out of South Africa. This proportion 
would have allowed the local investor to obtain the diver-
sification benefits to be had from investment in the inter-
national markets. whilst still retaining a large proportion 
of his funds in the country for payment of liabilities and 
for capital growth. 
A possible drawback of the results presented in this 
thesis is that the largest portion of this study was per-
formed on an ex po~t basis. That is, conclusions were 
reached about the magnitude of the gains that could have 
been attained had exchange control not existed in the past, 
and decisions were made regarding the optimal proportion of 
an investor•s funds at risk that should have been placed in 
f~reign stocks and commodities in the recent past in the 
absence of exchange control restrictions. This analysis 
may, quite clearly, not necessarily help to make decisions 
about the future. Nevertheless, ex po~t studies do have 








nities that were actually available over any particular 
period. Furthermore if future price movements can be appro-
ximated by past price movements then these models could 
possibly be used for future predictions of portfolio re-
turns and risks. However, Robichek, Cohn and Pringle (1972) 
warn against this: 
"16 mean netunn4 and eovan~anee4 tend to nemain 4table 
oven time, then an analy4i4 o6 ex po4t ne4ult4 will 
have value when it eome4 to making ex ante pnedietion4. 
Howeven, it i4 by no mean4 4a0e to a44ume 4tability 
o6 the4e panameten4 oven time, and eon4idenable attention 
to thi4 que4tion i4 both ju.4ti6ied and neee44any." 
An attempt was made, however, to examine the ex ante 
question in addition to the ex po4t analysis. From an ex 
ante position it is assumed that the investor has no know-
ledge of future security prices and thus 11 buys the marketu, 
i.e. holds a market capitalisation index portfolio. Such a 
strategy was employed for investment in an international 
portfolio of stocks and commodities and a purely South African 
portfolio. 0~ average the South African portfolio produced' 
returns which equalled, and in some cases, bettered those 
offered by the international portfolio. However, the diver-
sified international portfolio offered risks which were far 
smaller than those offered by the South African portfolio, 
thus providing empirical evidence supporting the diversifi-
cation benefit arguments. Indeed, this decrease in risk is 








of return in the international portfolio. 
It should be pointed out that the effect of brokerage 
and taxation have not been considered. Brokerage will be 
incurred whenever trading occurs on the foreign stock ex-
changes, the metal exchanges and the soft commodity ex-· 
changes as well as the JSE. However, brokerage rates of 
the various media examined in this thesis do not vary 
greatly and hence the introduction of brokerage charges is 
unlikely to change the results. All investors, whether 
trading on the locai or international markets, will be 
liable to pay ta~. The effects of tax are complicated by 
the fact that different rates are applied to companies and 
to individuals, and individuals are taxed at different rates. 
Each individual investor can make his own modifications 
depending on this personal tax situation. 
It is important to note that all the results presented 
in this thesis are based on data which reflected the situa-
tion when no funds were allowed out of South Africa for in-
vestment purposes. Thus the results are conditional on the 
current exchange control regulations being enforced. In the 
event of a relaxation of the current exchange control regu-
lations and a possible outflow of funds this situation might 
change, and the gains to be had from foreign investment 
might be affected. This situation is impossible to model, 









This thesis has by no means been an exhaustive study 
on the effect of an abolition or relaxation of exchange con-
trol regulations on the South African investor. Numerous 
non-security assets such as real estate, stamps, art and 
antiques have been ignored because their heterogeneous 
nature makes them extremely difficult to value. It was 
rather intended to provide some indication of the potential 
benefits that exist for the South African investor should 
foreign exchange restrictions be lifted, as well as an in-
dication of what percentage of funds the local investor 







R E F E R E N C E S 
BOOKS AND JOURNALS 
AFFLECK-GRAVES, J.F. (1974) : Portfolio Selection on the 
Johannesburg Stock Exchange. Unpublished M.Sc. thesis, 
University of Cape Town. 
AFFLECK-GRAVES, J.F. and MONEY, A.H. (1975) : A note on 
the Random Walk Model and South African Share Prices, 
The South African Journal of Economics, 43, pp 382-388. 
AFFLECK-GRAVES, J.F. (1977) : The Application of Multi-
variate Statistical Techniques in the Analysis of Stock 
Market Data. Unpublished Ph.D. thesis, University of 
Cape Town. 
AMLING, F. {1965) : Investments : an introduction to 
Analysis and Management. Prentice-Hall Inc., 
Englewood Cliffs, New Jersey. 
ARMSTRONG, F.E. (1939) 
Pitman, London. 
The Book of the Stock Exchange. 
BRADFIELD, D.J. (1983) : An Analysis of the Gold Share 
Sector of the Johannesburg Stock Exchange. Unpublished 
M.Sc. thesis, University of Cape Town. 
BREALEY, R.A. (1969) : An Introduction to Risk and Return 
from Common Stocks. M.I.T. Press, Massachusettes . 
BREALEY, R.A. and MYERS, S.C. (1981) : Principles of 
Corporate Finance. McGraw-Hill International Book 
Company, New York. 
CARTER, K.J., AFFLECK-GRAVES, J.F. and MONEY, A.H. (1982) . 
Markowitz Portfolio Selection Applied to Sectors on 
the Johannesburg Stock Exchange. Technical Report 
No. STM-7, Department of Mathematical Stat1stics, 
University of Cape Town. 
CARTER, K.J. {1983) : The Estimation of Security Beta 
Coefficients on the Johannesburg Stock Exchange . 
Unpublished Ph.D. thesis, University of Cape Town. 
COHEN, K.J. and FITCH, B.P. (1966) : The Average Invest-
ment Performance Index. Management Science, 12, 







GARRONE, F. and SOLNIK, B. (1983) : A Global Approach to 
Money Management. Reprinted in Bernstein, P.L. (Ed.) 
(1983) : International Investing. Institutional 
Investor Books, New York. 
GIDLOW, R.M. (1976) : Exchange Control and the Blocked Rand 
Mechanism. The South African Journal of Economics, 
44, pp 84-94. 
GIDLOW, R.M. (1979) : Developments in the Securities Rand 
Market. The South African Journal of Economics, 
47, pp 255-265. 
GREENACRE, M.J. and UNDERHILL, L.G. (1982) : Scaling a 
Data Matrix in a Low-dimensional Euclidean Space, In 
Topics in Applied Multivariate Analysis (Ed. D.M. 
Hawkins), pp 183-268, Cambridge University Press . 
GRUBEL, H.G. (1968) : Internationally Diversified Port-
folios : Welfare Gains and Capital Flows. American 
Economic Review, 58, pp 1299-1314. 
HANSON, J.L. (1977) : A Dictionary of Economics and Commerce, 
McDonald and Evans Ltd., Plymouth. 
HORWOOD, O.P.F. (1983) : Statement on the Abolition of 
Exchange Control over non-residents. South African 
Reserve Bank Quarterly ROlletin, March 1983. 
IBBOTSON, R.G. and SINQUEFIELD, R.A. (1977) : Stocks, Bonds, 
Bills and Inflation : The Past (1926-1976) and the 
Future (1977-2000). Financial Analysts Research 
Foundat1on, Charlottesville, Virginia. 
JENSEN, M.C. (1969) : Risk, the Pricing of Capital Assets 
and the Evaluation of Investment Portfolios. Journal 
of Business, 42, pp 167-247 
JSE PUBLIC RELATIONS DEPARTMENT PUBLICATION (1978) : 
The JSE Actuaries Index, (Third edition). 
KRUSKAL, J.B. (1964a) : Multidimensional Scaling by Opti-
mizing Goodness-of-Fit to a Non-metric Hypothesis. 
Psychometrika, 29, pp 1-27. 
' ' 
KRUSKAL, J.B. (1964b) : Non~metric Multidimensional Scaling 
a Numerical Method. Psychometrika, 29, pp 115-129. 
LABYS, W.C. and GRANGER, C.W.J. (1970) : Speculation, 
Hedging and Commodity Price Forecasts. Heath Lexington 






LESSARD, D.R. (1976) : World, Country and Industry Re-
lationships in Equity Returns - Implications for Risk 
Reduction through International Diversification, 
Financial Analysts Journal, 32, pp 32-38. 
LEVY, H. and SARNAT, M. (1970) : International Diversifi-
cation of Investment Portfolios. The American 
Economic Review, 60, pp 668-675 . 
LOLL, L.M. and BUCKLEY, J.G. (1961) : The Over-the-Counter 
Securities Markets. Prentice-Hall, Inc., Englewood 
Cliffs, New Jersey. 
LORIE, J.H. and HAMILTON, M.T. (1973) : The Stock Market -
Theories and Evidence. Richard D. Irwin, Inc., 
Homewood, Illinois. 
MACRAE, N. (1955) : The London Capital Market - It's 
Structure, Strains and Management. Staples Press 
Ltd., Lond6n. 
MARKOWITZ, H.M. (1952) : Portfolio Selection. Journal 
of Finance, 7, pp 77-91. 
MERRIL, LYNCH, PIERCE, FENNER and SMITH (1970) : How to 
Buy and Sell Commodities, New York, p 55. 
ROBICHEK, A.A., COHN, R.A. and PRINGLE, J.J. (1972) : 
Returns on Alternative Investment Media and Implica-
tions for Portfolio Construction. Journal of Business, 
45, pp 427-443. 
RUSH, R. (1961) 
New Jersey. 
Art as an Investment. Englewood Cliffs, 
RUSH, R. (1968) : Antiques as an Investment. Bonanza 
Books, New York. 
SHARPE, W.F. (1966) : Mutual Fund Performance. Journal 
of Business, 39, pp 119-138. 
SHARPE, W.F. (1970) : Portfolio Theory and Capital Markets. 
McGraw-Hill International, New York . 
SOLNIK, B. (1974) : Why not Diversify Internationally 
rather than Domestically? Financial Analysts Journal, 
30, pp 48-54. 
SOLNIK, B. and NOETZLIN, B. (1983) : Optimal International 
Asset Allocation. Reprinted in Bernstein, P.l. (Ed.) 
(1983) : International Investing. Institutional 







STEVENSON, R.A. and BEAR, R.M. (1970) : Commodity Futures 
Trends or Random Walks? Journal of Finance, 25, 
pp 65-81. 
STEVENSON, R.A. and JENNINGS, E. (1976) : Fundamentals of 
Investments, West Publishing Co. 
WAGNER, W.H. and LAU, S.C. (1971) :The Effect of Diver-
sification nn Risk. Financial Analysts Journal, 
26, pp 7-13. 
WILLIAMSON, J.P. (1970) : Investments -New Analytic 
Techniques. Longman Group Ltd., London. 
WINJUM, J.O. and WINJUM, J.T. (1974) : The Art Investment 
Market. University of Michigan Business Review, 
November 1974, pp 1-5 . 
NEWSPAPER AND MAGAZINE ARTICLES 
DALING, M. (1983) :Quoted in "Attempt to divert liquidity 
from SA 11 • Business Times supplement to the Sunday Times, 
12/6/1983. 
DE LOOR, J. (1983): Quoted in 11 Exchange control going in 
Months 11 • Business Times supplement to the Sunday Times, 
12/6/83 . 
HOLTES, W. (1983): Quoted in 11 Swiss Bank Accounts come a 
step nearer". Business Argus supplement to the 
Weekend Argus, 3/9/1983. 
LAI, J. (1983) : Quoted in 11 Major Force on the Stock 
Market 11 • Business Times supplement to the Sunday Times, 
12/6/1983. 
SHEPARD, W.G. (Ed.) (1972) : Taking stamp deal Public. 
Business Week, 11 March 1972, p 106. 
WILTSE£, J.L. (Ed.) (1971) : Personal Business. Business 
Week, 20 November 1971, p 83. 
YOUNG, L.H. (Ed.) (1974) : Exotica : the Bargain hunter 
may find some super Buys. Business Week, 







Financial Mail (Various Issues 1965-1982) : Monthly Commodity 
Prices, Exchange Rate Data, US and UK Indices. 
JSE Public Relations Department Publication (1978) : 
The JSE Actuaries Index. JSE Actuaries Indices from 
1965 to 1982 • 
SA Reserve Bank Quarterly Bulletin (Various Issues 1965-1982) 









Average South African Treasury Bill Rates 
The Treasury Bill rate at the end of each month was collected 
for the entire period February 1965 to January 1983. These 
rates were averaged every 12 months. 
Treasury B i 11 rate 
Period Annual (%) monthly (%) 
Feb 1965 - Jan 1966 4' 1 2 0,3433 
Feb 1966 - Jan 1967 4,25 0,3542 
Feb 1967 - Jan 1968 4,90 0,4083 
Feb 1968 - Jan 1969 4,86 0,4050 
Feb 1 96 9 - Jan 1970 4,59 0,3825 
Feb 1970 - Jan 1971 4,42 0,3684 
Feb 1 9 71 - Jan 1972 5' 51 0,4595 
Feb 1972 - Jan 1973 5,14 0,4281 
Feb 1973 - Jan 1974 3 '1 9 0,2661 
Feb 1974 - Jan 1975 5,60 0,4669 
Feb 1975 - Jan 1976 6,25 0,5207 
Feb 1976 - Jan 1977 7,54 0,6287 
Feb 1977 - Jan 1978 7,89 0,6574 
Feb 1978 - Jan 1979 7,73 0,6438 
Feb 1979 - Jan 1980 4' 91 0,4092 
Feb 1980 - Jan 1981 4,93 0,4107 
Feb 1981 - Jan 1 982 1 0 '7 2 0,8937 









Returns, percentage gains and cumulative percentage gains 
(in percent per period) at various risk levels for various 
maximum proportions of investment allowed in foreign 
securities (1965-1982) . 
• .... ".::;. • • • • 
YEAR: 1965 MARKET RISK: 3,03% 
0,75 crJSE 0,9 crJSE 1,0 aJSE 1,1 crJSE 1,25 crJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 0,34 - - 0,97 - - 1 ,35 - - 1 ,71 - - 2,23 - -
5% 0,63 3,48 3,48 1 ,22 3,00 3,00 1,59 2,88 2,88 1,94 2,76 2,76 2,44 2,52 2,52 -
10% 0,91 3,36 6,84 1,47 ~.oo 6,00 1,82 2,76 5,64 2,16 2,64 5,40 2,57 1 ,56 4,08 
20% 1 ,26 4,44 11,28 1,83 4,32 10,32 2' 15 3,96 9,60 2,40 2,88 8,28 2,70 1 ,56 5,64 
25% 1 ,40 1,68 12,96 1,94 1 ,32 11 ,64 2,24 1,08 10,68 2,46 0,72 9,00 2,75 0,60 6,24 
3Jt% 1,62 2,64 15,60 2,07 1 ;56 13,20 2,31 0,84 11 ,52 2,52 0,72 9,72 2,82 0,84 7,08 
50% 1,83 2,52 18,12 2,18 1,32 14,52 2,40 1,08 12,60 2,61 1,08 10,80 2,92 1 ,20 8,28 
100% 1,92 1,08 19,20 2,23 0,60 15,12 2,44 0,48 13,08 2,64 0,36 11 '16 2,94 0,24 8,52 
* A risk level this low is not attainable. The given monthly return is the return at the lowest possible risk level of the portfolio 
+ A risk level this high is not attainable. The given monthly return is the return at the greatest possible risk level of the 
portfolio concerned. 







• • • • • • 
YEAR: 1966 MARKET RISK: 2,67% 
. 0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 o JSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 1,33 - - 1,82 - - 2,11 - - 2,38 - - 2,75 - -
5% ' 1,54 2,52 2,52 1,97 1,80 1,80 2,24 1,56 1,56 2,49 1,32 1,32 2,84 1,08 1,08 
10% 1,69 1,80 4,32 2,10 1,56 3,36 2,35 1,32 2,88 2,59 1,20 2,52 2,93 1,08 2,16 
20% 1,94 3,00 7,32 2,31 2,52 5,88 2,54 2,28 5,16 2,75 1,92 4,44 3,02 1,08 3,24 
25% 2,04 1,20 8,52 2,39 0,96 6,84 2,61 0,84 6,00 2,79 0,48 4,92 3,02a 0,00 3,24 o::J 
3:>t% 2,15 1,32 9,84 2,48 1 ;08 7,92 2,65 0,48 6,48 2,80 0,12 5,04 3,02a 0,00 3,24 w 
50% 2,23 0,96 10,80 2,50 0,24 8,16 2,65 0,00 6,48 2,80a 0,00 5,04 3,02a 0,00 3,24 
100% 2,24 0,12 10,92 2,50 0,00 8,16 2,66 0,12 6,60 2,81 0,12 5,16 3,03 0,12 3,36 
•• • • • • • 
YEAR: 1967 MARKET RISK: 3,76% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 0,85 - - 1 ,94 - - 2,26 - - 2,28 - - 2,30 - -
5% 1,53 8,16 8,16 2,32 4,56 4,56 2,34 0,96 0,96 2,36 0,96 0,96 2,37 0,84 0,84 
10% 2,09 6,72 14,88 2,40 0,96 5,52 2,42 0,96 1,92 2,43 0,84 1,80 2,44 0,84 1,68 
20% 2,52 5,16 20,04 2,54 1,68 7,20 2,55 1,56 3,48 2,56 1 ,56 3,36 2,58 1,68 3,36 
25% 2,59 0,84 20,88 2,61 0,84 8,04 2,62 0,84 4,32 2,63 0,84 4,20 2,64 0,72 4,08 
c:o 
3*' 2,70 1,32 22,20 2,72 1,32 9,36 2,73 1 ,32 5,64 2,74 1,32 5,52 
~ 
2,75 1,32 5,40 
50% 2,75 0,60 22,80 2,91 2,28 11,64 2,93 2,40 8,04 2,94 2,40 7,92 2,96 2,52 7,92 
100% 2,78 0,36 23,16 2,91 0,00 11,64 2,98 0,60 8,64 3,05 1,32 9,24 3,14 2,16 10,08 I 
• • • • • • 
YEAR: 1968 MARKET RISK: 4,08% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 3,03* - - 3,04 - - 4,69 - - 5,56 - - 5,99 - -
5% 3,03* 0,00 0,00 4,51 17,64 17,64 5,32 7,56 7,56 5,71 1,80 1,80 5,99a 0,00 0,00 
10% 3,72 8,28 8,28 4,95 5,28 22,92 5,47 1,80 9,36 5,72 0,12 1,92 5,99a 0,00 0,00 
20% 4,45 8,76 17,04 5,13 2,16 25,08 5,47a 0,00 9,36 5,72a 0,00 1,92 5,99a 0,00 0,00 
co 
25% 4,66 2,52 19,56 5,16 0,36 25,44 5,47a 0,00 9,36 5,72a 0,00 1,92 5,99a 0,00 0,00 
<.n 
nt% 4,67 0,12 19,68 5, 16a 0,00 25,44 5,47a 0,00 9,36 5,72a 0,00 1,92 5,99a 0,00 0,00 
50% 4,67a 0,00 19,68 5, 16a 0,00 25,44 5,47a 0,00 9,36 5,72a 0,00 1,92 5,99a 0,00 0,00 
100% 4,67 0,00 19,68 5,16 0,00 25,44 5,47 0,00 9,36 5,72 0,00 1,92 5,99 0,00 0,00 
• • • • • • 
YEAR: 1969 MARKET RISK: 8,50% 
0,75 aJSt 0,9 GJSE 1,0 GJSE 1,1 GJSE 1,25 GJSE 
cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain 
return gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain p.a. 
0% 1,17+ - - 1 '17+ - - 1,17+ - - 1,17+ - - 1,17+ - -5% 1,43+ 3,12 3,12 1,43+ 3,12 3,12 1,43+ 3,12 3,12 1,43+ 3,12 3,12 1,43+ 3,12 3,12 
10% 1,68+ 3,00 6,12 1,68+ 3,00 6,12 1,68+ 3,00 6,12 1,68+ 3,00 6,12 1,68+ 3,00 6,12 
20% 2,18+ 6,00 12,12 2,18+ 6,00 12' 12 2,18+ 6,00 12,12 2,18+ 6,00 12,12 2,18+ 6,00 12,12 
25% 2,44+ 3,12 15,24 2,44+ 3,12 15,24 2,44+ 3,12 15,24 2,44+ 3,12 15,24 2,44+ 3,12 15,24 
3Jt% 2,86+ 5,04 20,28 2,86+ 5,04 20,28 2,86+ 5,04 20,28 2,86+ 5,04 20,28 2,86+ 5,04 20,28 
50% 3,37 6,12 26,40 3,70+ 0,08 30,36 3,70+ 0,08 30,36 3,70+ 10,08 30,36 3,70+ 10,08 30,36 
100% 3,75 4,56 30,96 4,16 5,52 35,88 4,42 8,64 39,00 4,68 11 ,76 42,12 5 06 1n.32 46 68 
OJ 
"' 
• • • • • • 
YEAR: 1970 MARKET RISK: 8,21% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE 
month 1 y gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 1 ,31+ - - 1,31+ - - 1,31+ ~ - 1,31+ - - 1,31+ - -
5% 1,40+ 1,08 1.08 1,40+ 1,08 1,08 1,40+ 1,08 1,08 1,40+ 1,08 1,08 1,40+ 1 ,08 1,08 
10% 1,49+ 1,08 2,16 1,49+ 1,08 2,16 1,49+ 1,08 2,16 1,49+ 1 ,08 2,16 1,49+ 1,08 2,16 
20% 1,67+ 2,16 4,32 1,67+ 2,16 4,32 1,67+ 2,16 4,32 1,67+ 2,16 4,32 1,67+ 2,16 
co 
4,32 
25% 1. 76+ 1,08 5,40 1,76+ 1,08 5,40 1,76+ 1,08 5,40 1,76+ 1,08 5,40 1,76+ 1,08 5,40 
-.....! 
3:}.~% 1,92+ 1,92 7,32 1,92+ 1;92 7,32 1,92+ 1 ,92 7,32 1 ,92+ 1,92 7,32 1 ,92+ 1,92 7,32 
50% 2,22+ 3,60 10,92 2,22+ 3,60 10,92 2,22+ 3,60 10,92 2,22+ 3,60 10,92 2,22+ 3,60 10,92 
100% 3,13+ 10,92 21,84 3 ,13+ 10,92 21,84 3 ,13+ 10,92 21,84 3,13+ 10,92 21,84 3 ,13+ 10,92 21,84 
• • • • • • 
YEAR: 1971 MARKET RISK: 7,39% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1 '1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 0,75 - - 1 '15 - - 1 ,30 - - 1,36 - - 1,37+ - -
5% 0,97 2,64 2,64 1,38 2,76 2,64 1 ,52 2,64 2,64 1 ,58+ 2,64 2,64 1 ,58+ 2,52 2,52 
10% 1 '19 2,64 5,28 1,61 2,76 5,28 1,74 2,64 5,28 1 ,78+ 2,40 5,04 1,78+ 2,40 4,92 
20% 1,61 5,04 10,32 2,02 4,92 10,32 2 '16 5,04 10,32 2 '19+ 4,92 9,96 2 '19+ 4,92 9,84 0::1 
25% 1,82 2,52 12,84 2,22 2,40 12,72 2,36 2,40 12,72 2,39+ 2,40 12,36 2,39+ 2,40 12,24 co 
3Jf% 2' 16 4,08 16,92 2,54 3,84 16,80 2,70 4,08 16,80 2,73+ 4,08 16,44 2,73+ 4,08 16,32 
50% 2,82 7,92 24,84 3,13 7,08 23,88 3,29 7,08 23,88 3,40+ 8,04 24,48 3,40+ 8,04 24,36 
100% 4,40 18,96 43,80 4,76 19,56 43,32 4,91 19,44 43,32 5,04 19,68 44,16 5,21 21,72 46,08 
• • • • • • 
YEAR: 1972 MARKET RISK: 3,67% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 3,72 - - 4,13 - - 4,33 - - 4,50 - - 4,52+ - -
5% 4,12 4,80 4,80 4,44 3,72 3,72 4,62 3,48 3,48 4,65+ 1,80 1,80 4,65+ 1 ,56 1,56 
10% 4,44 3,84 8,64 4,72 3,36 7,08 4,78+ 1,92 5,40 4,78+ 1,56 3,36 4,78+ 1,56 3,12 
20% 4,95 6,12 14,76 5,04+ 3,84 10,92 5,04+ 3,12 8,52 5,04+ 3,12 6,48 5,04+ 3,12 6,24 
25% 5,13 2,16 16,92 5,17+ 1,56 12,48 5,17+ 1,56 10,08 5,17+ 1,56 8,04 5,17+ 1,56 7,80 
co 
~ 
3Jt% 5,36 2,76 19,68 5,39+. 2;64 15,12 5,39+ 2,64 12,72 5,39+ 2,64 10,68 5,39+ 2,64 10,44 
50% 5,61 3,00 22,68 5,81 5,04 20,16 5,83+ 5,28 18,00 5,83+ 5,28 15,96 5,83+ 5,28 15,72 
100% 5,62 0,12 22,80 5,88 0,84 21,00 6,03 2,40 20,40 6,17 4,08 20,04 6,36 6,36 22,08 
• • • • • • 
YEAR: 197~ MARKET RISK: 9,65% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1 '1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 3,61 - - 4,66 - - 5,29 - - 5,88 - - 6,73 - -
5% 4,63 12,24 12,24 5,58 11,04 11 ,04 6,17 10,56 10,56 6,74 10,32 10,32 7,46+ 8,76 8,76 
10% 5,54 10,92 23,16 6,43 10,20 21,24 6,99 9,84 20,40 7,52+ 9,36 19,68 7,52+ 0,72 9,48 
20% 7' 12 18,96 42' 12 7,66+ 14,76 36,00 7,66+ 8,04 28,44 7,66+ 1,68 21,36 7,66+ 1,68 11 '16 co 
25% 7 ,73+ 7,32 49,44 7 ,73+ 0,84 36,84 7 ,73+ 0,84 29,28 7,73+ 0,84 22,20 7,73+ 0,84 12,00 
--' 
0 
nt% 7,84+ 1,32 50,76 7 ,84+ 1 ,32 38,16 7,84+ 1,32 30,60 7 ,84+ 1,32 23,52 7,84+ 1,32 13,32 
50% 8,07+ 2,76 53,52 8,07+ 2,76 40,92 8,07+ 2,76 33,36 8,07+ 2,76 26,28 8,07+ 2,76 16,08 
100% 8,18 1,32 54,84 8,27 2,40 43,32 8,32 3,00 36,36 8,38 3,72 30,00 8,45 4,56 20,64 
• • • • • • 
YEAR: 1974 MARKET RISK: 9,73% 
0,75 OJSE 0,9 OJSE 1,0oJSE 1 '1 OJSE 1 ,25 OJSE I 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative! 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain I 
0% -1 ,01 - - -0,67 - - -0,48 - - -0,30 - - -0,05 - -
5% -0,57 5,28 5,28 -0,23 5,28 5,28 -0,04 5,28 5,28 0,14 5,28 5,28 0,38 5 '16 5 '16 
10% -0,16 4,92 10,20 0,19 5,04 10,32 0,38 5,04 10,32 0,56 5,04 10,32 0,81 5,16 10,32 
20% 0,57 8,76 18,96 0,97 9,36 19,68 1,18 9,60 19,92 1 ,37 9,72 20,04 1,63 9,84 20 '16 co 
25% 0,86 3,48 22,44 1,33 4,32 24,00 1 ,55 4,44 24,36 1 ,75 4,56 24,60 2,02 4,68 24,84 
3Jt% 1,29 5,16 27,60 1,87 6;48 30,48 2,14 7,08 31,44 2,36 7,32 31,92 2,65 7,56 32,40 
50% 2,09 9,60 37,20 2,65 9,36 39,84 3,02 10,56 42,00 3,37 12 '12 44,04 3,76 13,32 45,72 
100% 4,00 2,92 60,12 4,52 22,44 62,28 4,85 21 ,96 63,96 5,18 21,72 65,76 5,66 22,80 68,52 
• • • • • • 
YEAR: 1975 MARKET RISK: 6,97% 
0,75 oJSE 0,9 oJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 1,60* - - 2,63 - - 3,20 - - 3,44 - - 3,72 - -
5% 1,48 -1,44 -1,44 3,21 6,96 6,96 3,50 3;60 3.60 3,70 3,12 3,12 3,95 2,76 2,76 
10% 2,77 15,48 14,04 3,54 3,96 10,92 3,75 3,00 6,60 3,93 2,76 5,88 4,10+ 1,80 4,56 
20% 3,60 9,96 24,00 4,00 5,52 16,44 4,17 5,04 11,64 4,26+ 3,96 9,84 4,26+ 1,92 6,48 OJ 
25% 3,84 2,88 26,88 4,18 2.16 18,60 4,33 1,92 13,56 4,34+ 0,96 10,80 4,34+ 0,96 7,44 
--' 
N 
3*: 4,11 3,24 30,12 4,44 3,12 21,72 4,48+ 1,80 15,36 4,48+ 1,68 12,48 4,48+ 1,68 9,12 
50% 4,41 3,60 33,72 4,74 3,60 25,32 4,75+ 3,24 18,60 4,75+ 3,24 15,72 4,75+ 3,24 12,36 
100% 4,46 0,60 34,32 4,79 0,60 25,92 4,97 2,64 21 ,24 5,09 4,08 19,80 5,25 6,00 18,36 
• • • • • • 
YEAR: 1976 MARKET RISK: 7,56% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% -0,32 - - 0,78 - - 1,38 - - 1,92 - - 2,69 - -
5% 0,31 7,56 7,56 1 ,27 5,88 5,88 1,82 5,28 5,28 2,34 5,04 5,04 3,08 4,68 4,68 
10% 0,84 6,36 13,92 1 ,70 5,16 11,04 2,22 4,80 10,08 2,72 4,56 9,60 3,27 2,28 6,96 
20% 1 ,69 10,20 24,12 2,46 9,12 20,16 2,94 8,64 18,72 3,22 6,00 15,60 3,47 2,40 9,36 co 
25% 2,04 4,20 28,32 2,78 3,84 24,00 3,12 2,16 20,88 3,35 1,56 17,16 3,55 0,84 10,20 
--' 
w 
3Jt% 2,54 6,00 34,32 3,11 3,96 27,96 3,34 2,64 23,52 3,50 1,80 18,96 3,66+ 1,32 11,52 
50% 3,16 7,44 41,76 3,48 4,44 32,40 3,62 3,36 26,88 3,73 2,76 21,72 3;87+ 2,52 14,04 
100% 3,66 6,00 47,76 3,95 5,64 38,04 4,07 5,40 32,28 4,16 5,16 26,88 4,30 5,16 19,20 
...... -- ----
• • • • • • 
YEAR: 1977 MARKET RISK: 4,34% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 crJSE 1,25 crJSE I 
monthly gain cumulative monthly gain' cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative I 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain J 
0% 1,98 - - 2,39 - - 2,58 - 2,74 2,96 I - - - - -
I 
5% 2,15 2,04 2,04 2,51 1,44 1,44 2,69 1,32 1 ,32 2,84 1,20 1,20 3,01 0,50 0,60 
! 
10% 2,30 1,80 3,84 2,61 1 ,20 2,54 2,78 1,08 2,40 2,93 1,08 2,28 3,03 0,24 0,84 
I 20% 2,53 2,75 6,50 2,80 2,28 4,92 2,95 2,04 4,44 3,00 0,84 3,12 3,03 0,00 0,84 c:o 
25% 2,53 1,20 7,80 2,88 0,96 5,88 2,97 0,24 4,68 3,00 0,00 3,12 3,03a 0,00 0,84 ! ~ 
33f% 2, 77 1,68 9,48 2,94 0,72 6,60 2,97a 0,00 4,68 3,00a 0,00 3,12 3,03a 0,00 0,84 
50% 2,88 1,32 10,80 2,94a 0,00 6,60 2,g7a 0,00 4,68 3,00a 0,00 3,12 3,03a 0,00 0,84 I 
100% 2,90 0,24 11,04 2,95 0,12 6,72 2,98 0,12 4,80 3,01 0,12 3,24 3,04 0,12 0,96 
• •• • • • 
YEAR: 1978 MARKET RISK: 6,02% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 3,28 - - 3,81 - - 3,97 - - 4,02+ - - 4,02+ - -
5% 3,46 2,16 2,16 3, 91 1,20 1,20 4,03 0,72 0,72 4,05+ 0,36 0,36 4,05+ 0,36 0,36 
10% 3,60 1,68 3,84 3,99 0,96 2,16 4,07 0,48 1,20 4,09+ 0,48 0,84 4,09+ 0,48 0,84 
20% 3,83 2,76 6,60 4,08 1,08 3,24 4,15 0, 96 2,16 4,16+ 0,84 1,68 4,16+ 0,84 1,68 
a:l 
25% 3,92 1,08 7,68 4,11 0,36 3,60 4,18 0,36 2,52 4,19+ 0,36 2,04 4,19+ 0,36 2,04 
__, 
U1 
33-}% 4,00 0, 96 8,64 4,15 0;48 4,08 4,22 0,48 3,00 4,25+ 0,72 2,76 4,25+ 0,72 2,76 
50% 4,06 0,72 9,36 4,18 0,36 4,44 4,25 0,36 3,36 4,32 0,84 3,60 4,37+ 1,44 4,20 
100% 4,07 0,12 9,48 4,19 0,12 4,56 4,26 0,12 3,48 4,32 0,00 3,60 4,41 0,48 4,68 
• •• • • • • 
YEAR: 1979 MARKET RISK: 6,07% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE I 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative I 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain I 
! 
0% 4,42 - - 4,88 - - 5,14 - - 5,39 - - 5,74 - -
5% 4,66 2,88 2,88 5,10 2,64 2,64 5,38 2,88 2,88 5,64 3,!)0 3,00 6,01 3,24 3,24 
10% 4,86 2,40 5,28 5,28 2,16 4,80 5,56 2,16 5,04 5,83 2,28 5,28 6,22 2,52 5,76 
20% 5,18 3,84 9,12 5,58 3,60 8,40 5,85 3,48 8,52 6,12 3,48 8,76 6,51 3,48 9,24 
OJ 
25% 5,31 1 ,56 10,68 5,71 1 ,56 9,96 5,97 1,44 9,96 6,24 1,44 10,20 6,64 1, 56 10,80 0'1 
3Jt% 5,51 2,40 13,08 5,91 2;40 12,36 6.17 2,40 12,36 6,44 2,40 12,60 6,83 2,28 13,08 
50% 5,84 3,96 17,04 6,26 4,20 16,56 6,53 4,32 16,68 6,79 4,20 16,80 7' 19 4,32 17,40 
100% 6.15 3,72 20,76 6,63 4,44 21,00 6,94 4,92 21 ,60 7,24 5,40 22,20 7,69 6,00 23,40 
•· • • • •• • 
YEAR: 1980 MARKET RISK: 8,17% 
0,75 crJSE 0,9 crJSE 1,0 OJSE 1,1 OJSE 1 ,25 a JSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 2,05 - - 3,01 - - 3,02+ - - 3,02+ - - 3,02+ - -
5% 2,48 5,16 5,16 3,03+ 0,24 0,24 3,03+ 0,12 0,12 3,03+ 0,12 0,12 3,03+ 0,12 0,12 
10% 2,74 3,12 8,28 3,05+ 0,24 0,48 3,05+ 0,24 0,36 3,05+ 0,24 0,36 3,05+ 0,24 0,36 
20% 3,07 3,96 12,24 3,07+ 0,24 0,72 3,07+ 0,24 0,60 3,07+ 0,24 0,60 3,07+ 0,24 0,60 co 
25% 3,09+ 0,24 12,48 3,09+ 0,24 0,96 3,09+ 0,24 0,84 3,09+ 0,24 0,84 3,09+ 0,24 0,84 -....! 
33f% 3,11 + 0,24 12,72 3,11+ 0,24 1,20 3,11+ 0,24 1,08 3,11+ 0,24 1 ,08 3 ,11+ 0,24 1,08 
50% 3,13 0,24 12,96 3,15+ 0,48 1,68 3,15+ 0,48 1,56 3,15+ 0,48 1 ,56 3 ,15+ 0,48 1,56 
100% 3,13 0,00 12,96 3,18 0,36 2,04 3,21 0,72 2,28 3,23 0,96 2,52 3,26 1,32 2,88 
., • • • • • 
YEAR: 1981 MARKET RISK: 6,48% 
0,75 OJSE 0,9 OJSE 1,0 OJSE 1,1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
0% 1,54+ - - 1,54+ - - 1 ,54+ - - 1 ,54+ - - 1 ,54+ - -
5% 1,63+ 1,08 1,08 1,63+ 1,08 1,08 1 ,63+ 1 ,08 1,08 1 ,63+ 1,08 1,08 1,63+ 1,08 1,08 
10% 1 '73+ 1,20 2,28 1 '73+ 1 ,20 2,28 1 '73+ 1 ,20 2,28 1 '73+ 1 ,20 2,28 1 ,73+ 1 ,20 2,28 
20% 1 '92+ 2,28 4,56 1 ,92+ 2,28 4,56 1 ,92+ 2,28 4,56 1 '92+ 2,28 4,56 1 ,92+ 2,28 4,56 co 
25% 2,01+ 1,08 5,64 2,01+ 1,08 5,64 2,01+ 1,08 5,64 2,01+ 1,08 5,64 2,01+ 1,08 5,64 
__, 
co 
3Jt% 2' 17+ 1,92 7,56 2, 17+ 1,92 7,56 2' 17+ 1 '92 7,56 2' 17+ 1 ,92 7,56 2,17+ 1 ,92 7,56 
50% 2,49+ 3,84 11,40 2,49+ 3,84 11 ,40 2,49+ 3,84 11,40 2,49+ 3,84 11,40 2,49+ 3,84 11,40 
100% 3,08 7,08 18,48 3,33 10,08 21 ,48 3,40 0,92 22,32 3,44+ 11,40 22,80 3,44+ 1 ,40 22,80 
• • • • • • 
YEAR: 1982 MARKET RISK: 11,73% 
0,75 OJSE 0,9 OJSE 1 ,0 o JSE 1.1 OJSE 1,25 OJSE 
monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative monthly gain cumulative 1 
return p.a. gain return p.a. gain return p.a. gain return p.a. gain return p.a. gain 
' 
0% 1,89* - - 4,55 - - 5,02 - - 5, 19+ - - 5. 19+ - -
5% 2,95 12,72 12,72 4,67 1,44 1,44 5.07 0,60 0,60 5. 19a 0,00 0,00 5, 19a 0,00 0,00 
10% 3,86 10,92 23,64 4,75 0,96 2,40 5,11 0,48 1,08 5.19a 0,00 0,00 5, 19a 0,00 0,00 
20% 4,25 4,68 28,32 4,84 1,08 3,48 5. 13+ 0,24 1 ,32 5,19a 0,00 0,00 5, 19a 0,00 0,00 c:o 
25% 4,32 0,84 29.16 4,87 0,36 3,84 5, 13a 0,00 1,32 5, 19a 0,00 0,00 5, 19a 0,00 0,00 1.0 
Ht% 4,40 0,96 30.12 4,89 0,24 4,08 5, 13a 0,00 1 ,32 5,19a 0,00 0,00 5, 19a 0,00 0,00 
50% 4,45 0,60 30,72 4,89a 0,00 4,08 5, 13a 0,00 1,32 5, 19a 0,00 0,00 5, 19a 0,00 0,00 








Returns and risks (in percent per month) of ex ante 
portfolios for varying proportions allowed in foreign 
investment (1965-1982) . 
• • • • • • 






p Rp ap Rp ap Rp ap Rp ap R ap p 
0,00 0,352 2,726 1,684 2,985 .1 ,31'9 4,074 4' 189 4 '173 -2,652 10,596 -1 '792 8,892 
0,05 0,378 2,670 1 '550 2,848 1 '275 3,856 4,026 3,969 -2,484 10,057 -1 '724 8,525 
0 '1 0 0,404 2,620 1 ,416 2,718 1_,232 3,642 3,863 3,766 -2,315 9,520 -1,655 8' 161 
0,20 0,457 2,540 1 '148 2,482 1 '145 3,228 3,538 3,364 -1 ,979 8,453 -1,518 7,447 
-
0,25 0,483 2,510 1 '014 2,378 1 '1 02 3,030 3,375 3' 166 -1 ,810 7,925 -1,450 7,098 
0,33 0,526 2,476 0 '791 2,231 1,029 2,716 3,104 2,839 -1 '529 7,054 -1,336 6,531 
n 
0,50 0,614 2,469 0,345 2,057 0,885 2' 187 . 2 '562 2,215 -0,968 5,375 -1,107 5,472 N 
1 '00 0,875 2,913 -0,995 2,623 0,451 2,247 0,936 1 ,227 0,715 2,787 -0,422 3,711 
a.RP = w1 (RSA) + ( 1 ~w1)(Rforeign) 
b.ap = [w1 °SA + ( 1-w1) 2 0 foreign + 2 w1 (1-w1) 0 SA 0 foreign PSA/foreign 1 ~ 
c.w1 = porportion invested in international securities 
~ • • ·- • • 
YEAR 1971 1972 1973 1974 1975 1976 I 
w1 R crp Rp crp R crp R crp R crp R crp p p p p p 
--
0,00 0,668 7,587 3,042 4 '198 -0,732 9,606 -1,943 8,619 0,566 6,460 -0,413 7,455 
0,05 0,712 7,343 2,911 4,043 -0,677 9,095 -1,783 8,288 0,600 6,074 -0,317 7,090 
0 '1 0 0,756 7 '1 01 2,780 3,889 -0,623 8,589 -1,622 7,978 0,634 5,702 -0,221 6,732 
0,20 0,844 6,629 2,519 3,587 -0,513 7,597 -1,301 7,431 0,702 5,016 -0,029 6,044 
0,25 0,889 6,399 2,388 3,440 -0,459 7' 112 -1,141 7,201 0,736 4,709 0,067 5,717 
n 
0,33 0,962 6,026 2' 170 3,200 -0,368 6,328 -0,874 6,889 0,792 4,271 0,227 5,205 w 
0,50 1 '1 09 5,329 1,734 2,749 -0' 186 4,901 -0,339 6,583 0,906 3, 774 0,546 4,355 






















R ap p 
2,207 4,208 
2' 157 4,045 
2' 106 3,888 
2,004 3,592 
1 '954 3,455 
1 ,869 3,246 
1 '700 2,923 
1 '192 2,982 
1978 1979 
R . a R p p p 
3,360 5,410 3,029 
3,219 5,287 2,971 
3,077 5,172 2,913 
2,794 4,967 2, 797 
2,653 4,879 2,739 
2,417 4,755 2,642 
1,946 4,601 2,449 
0,532 4,935 1 ,868 
1980 1981 1982 
ap R ap R ap R ap p p p 
5,464 . 0,877 7,687 0,227 4,941 1,286 10,765 
5 '119 0,808 7,385 0,280 4,735 1 '191 10,215 
4,781 0,740 J ,086 0,332 4,490 1 ,097 9,669 
4' 127 0,603 6,498 0,437 4' 188 0,908 8,593 
3,815 0,535 6,210 0,489 4,035 0;814 8,064 ('") 
-+'> 
3,328 0,420 5,742 0,576 3,819 0,657 7,202 
2,562 0' 192 4,863 0,751 3,568 0,343 5,590 
3,536 -0,492 3,254 1 ,274 4,405 -0,600 3,853 
